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DIVISION OF CANCER BIOLOGY AND DIAGNOSIS
NATIONAL CANCER INSTITUTE

INTRAMURAL RESEARCH PROGRAM

SUMMARY REPORT OF THE DIRECTOR

October 1, 1988 through September 30, 1989

INTRODUCTION

The mission of the Division of Cancer Biology and Diagnosis is to support

laboratory and clinical investigations in cancer biology, immunology, and

diagnosis. The division consists of an extramural research program and an

intramural research program. The Extramural Research Program administers a

large research program comprised primarily of investigator- initiated grants.

Three major areas of cancer research are addressed: tumor biology,

immunology, and cancer diagnosis.

The Intramural Research Program consists of thirteen independent laboratories

and branches on the NIH Bethesda campus and at the Frederick Cancer Research

Facility. They are the Laboratory of Genetics, the Laboratory of Molecular

Biology, the Laboratory of Biochemistry, the Laboratory of Cellular Oncology,

the Laboratory of Pathology, the Dermatology Branch, the Metabolism Branch, the

Immvinology Branch, the Experimental Immunology Branch, the Laboratory of Cell

Biology, the Laboratory of Tximor Immunology and Biology, the Laboratory of

Immunobiology, and the Laboratory of Mathematical Biology. Each of these

laboratories is headed by a scientist of international stature, three of whom

are members of the National Academy of Science.
^

The research conducted in the intramural program covers a broad range of

investigations from gene regulation in prokaryotes to clinical studies of

human cancer. A common goal of many of these studies is to determine the

molecular mechanisms involved in the regulation of gene expression, with

particular emphasis on the mechanisms responsible for the aberrant properties

of a cancer cell. There is a broad based program in immunology which
investigates the fundamental questions involved in the regulation of the immune

response, and the derangements that allow tumor cells to escape immune

surveillance. The diversity and high quality of these studies reflects the

varied interests and expertise of the scientists in each laboratory.

Interactions among scientists are encouraged, and the exchange of information

and technical expertise has led to the development of entirely new ways of

approaching the some of the most puzzling problems of human cancer.

The following summary describes the research activities and major
accomplishments in each of the DCBD intramural research laboratories during the

past year.
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LABORATORY OF GENETICS

The major focus of the work in the Laboratory of Genetics, directed by
Dr. Michael Potter, is on B cell tumor development in mice, with particular
emphasis on the plasmacytoma system. The BALB/c mouse is uniquely susceptible
to plasmacytoma development following the intraperitoneal injection of pristane
or other paraffin oils. Dr. Potter's group is attempting to identify genes
that determine resistance (R) and susceptibility (S). Two genes have been
tentatively identified through linkage association: Pctr-1 (chr 4) and Pctr-3
(chr 17). A congenic strain BALB/c. D2-Fv-1 , that carries Pctr-1 , has been
developed. After 19 backcrosses this mouse develops less than 20% plasma-
cytomas. Dr. Potter's group is attempting to localize Pctr-1 using a 3-factor
cross. Much effort is directed to finding a closely linked gene.

Dr. Beverly Mock has continued to study a plasmacytoma resistance gene that
controls plasmacytoma development induced by a combination of pristane and RIM
virus (the virus that contains a myc oncogene and v-Ha-ras ) . She has found
that the BALB/c. D2-Dag mouse, which is as resistant as the DBA-2 parent to
RIM/pristane induction, carries an additional DBA/2 gene, MMTV-13, that is not
linked to Ly-6 (chr 15). A C.D2 Ly-6 congenic is susceptible to both pristane
and pristane/RIM induced plasmacytomagenesis. She has screened 25 markers for
linkage to this R/S gene. Her laboratory has developed libraries of mouse chrs
4 and 15 and is developing new markers on chromosomes 4 and 15 for this
purpose. Since BALC/c.D2-Dag is a congenic mouse, this is an important new
direction.

Other studies focus on the role of the raf-1 oncogene in plamacytomagenesis.
The J3 virus, which contains a mutant and defective raf gene and a v-myc gene
does not transform plasma cells. However, when this virus is passaged, it

acquires plasmacytomagenic activity by correcting the frameshift mutation in v-

raf . This finding opens up a new area because this virus undergoes further
mutational change in acquiring plasmacytomagenic activity.

There is a continuing interest in identifying genes that cooperate with c-myc
in plasmacytomagenesis. It has not been possible to implicate members of the
ras gene family. Myc is apparently activated indirectly by the reciprocal
translocations of rcpt(6;15). In man the activation of myc is thought to be
mediated by base substitution mutations in c-myc . Attempts to determine
whether similar mutations occur in the mouse have not progressed, because of
the unavailability of the 5 prime UT region of the c-myc gene. This region has
now been cloned, and the myc genes from plasmacytoma, ABPC-22, which has no
translocation, have been cloned. One allele contains an unidentified inser-
tion. The evidence indicates there are base substitution mutations in myc in

the rcpt(6;15) translocations.

Myeloid Tumors

Dr. Linda Wolff has continued her work on the induction of monoblastic tumors
by the injection of Moloney virus in pristane-conditioned mice. She has shown
that the virus must be injected intravenously and, further, that these tumors
can be prevented by treating mice with indomethacin. Recently she has shown
that splenectomy can inhibit myeloid tumor development. Current studies are
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directed towards studying the role of prostaglandins in this process. The

Moloney virus inserts into the c-myb oncogene in virtually all of the

monoblastic tumors. During the past year Dr. Grace Shen-Ong has focused on

the characterization of the protein products of the normal c-myb (75 kd) and

tumor specific truncated myb (70 kd) in murine cells.

Studies in Dr. Sandy Ruscetti's laboratory have concentrated on determining

the mechanisms by which the sple«n focus- forming virus abrogates the

erythropoietin dependence of erythroid cells and causes erythroleukemia. Her

data indicate that the transmembrane portion of the viral envelope glycoprotein

is responsible for conferring factor- independence on erythroid cells and that

the mechanism does not involve factor production or an increase in the number

or affinity of membrane receptors. Considerable progress has been made in

understanding the molecular basis for the resistance of certain strains of mice

to erythroleukemia induced by Friend MuLV. The data suggest that resistant

mice carry a unique provirus that encodes an envelope glycoprotein that blocks

the spread of mink cell focus-forming viruses in these mice. Mice carrying

this provirus also have a greatly reduced susceptibility to thymomas induced by

Moloney MuLV.

Antibody Protein Interactions

In order to define the structural basis of molecular recognition in protein-

protein interactions. Dr. Sandy Smith-Gill's group has analyzed in detail the

antibody antigen interface of monoclonal antibodies specific for the defined

protein lysozyme, focusing on two antibodies for which the X-ray structures of

the Fab: lysozyme complexes have been determined. The effects of specific amino

acid residues on specificity have been examined by cloning, expressing, and

performing site-directed mutagenesis on the rearranged HyHEL-10 genes, and by

site directed mutagenesis of cloned and expressed lysozyme genes. These two

mutagenic approaches have produced unexpected results indicating nonadditive

and long-range interactions, and are raising provocative questions concerning

the nature of specificity and its relation to the biology and regulation of the

immune response.

LABORATORY OF MOLECULAR BIOLOGY

The Laboratory of Molecular Biology, directed by Dr. Ira Pastan, uses genetic

and molecular biological approaches to study gene activity and cell behavior

and to develop new approaches to the diagnosis and treatment of cancer, AIDS

and other human diseases.

Regulation of Gene Activity

The EGF receptor (EGFR) is overexpressed in many hximan tumors implicating it

in the pathogenesis of some cancers. To study regulation of the EGFR gene.

Dr. Pastan' s group has isolated and sequenced the promoter region. They found

that it is very GC-rich, but does not contain a TATA sequence. It does contain

many transcription factor binding sites including four Spl sites and sites for

at least three other factors. One of these factors, a 120 kilodalton protein

termed ETF, binds to three sets of GC-rich sequences and stimulates EGF

receptor transcription in cell- free extracts. The function of this protein,

which may be a transcriptional repressor, is under investigation.

XVII



Genetic Analysis of the Multidrug Resistance Phenotype in Tvimor Cells

Resistance to multiple drugs is a major impediment to the successful
chemotherapy of human cancers. One mechanism of multidrug resistance (MDR) is

the expression of a 170,000 dalton energy-dependent drug efflux pump (P-

glycoprotein) which confers resistance to many of the chemotherapeutic agents
used to treat cancer. Expression vectors into which the MDRl cDNA is cloned
confer the complete MDR phenotype on drug-sensitive cells, as does a retrovirus
carrying the MDRl gene. During the past year. Dr. Pastan and his colleagues
has constructed a chimeric P-glycoprotein, in which a functional adenosine
deaminase (ADA) molecule is attached to the C-terminus. Introduction of this
cDNA into cells results in drug resistance and ADA activity simultaneously.
Transgenic mice carrying the human MDRl gene expressed in bone marrow have been
produced, and shown to be resistant to daunomycin- induced leukopenia. These
mice will be useful in the testing of new drugs designed to overcome multidrug
resistance. Expression of MDRl RNA and P-glycoprotein normally occurs in

kidney, liver, colon, and adrenal, and in cancers derived from these tissues
which are intrinsically resistant to chemotherapy. Acquired drug resistance in

other cancers is associated with increased MDRl RNA levels.

Immunotoxin and Qncotoxin Therapy of Cancer Cells

Pseudomonas exotoxin (PE) or genetically modified forms of PE have been
attached to monoclonal antibodies (MAbs) or growth factors to create cell-
specific cytotoxic agents. Native PE attached to MAb 0VB3 is cytotoxic to

ovarian cancer cells, inhibits the growth of ovarian cancer in mice, and is

being currently tested in a Phase I trial in women with ovarian cancer.
Mutant PE molecules in which domain I has been replaced by TGFa, IL2, IL4, or

IL6 have been created by the technique of gene fusion and the chimeric proteins
produced in E. coli. TGFa-PEAO kills cancer cells with EGF receptors. IL2-

PE40 kills certain types of leukemia cells as well as activated T cells
involved in allograft rejection. IL6-PE40 is cytotoxic to some myeloma cells.

CD4 has also been fused to PE40 to create CD4-PE40, a chimeric toxin which
kills cells infected with HIV. Such molecules may be useful in the elimination
of tumor cells or other cells such as HIV infected cells responsible for

several human diseases. Studies of the structure- function relationships of

Pseudomonas exotoxin (PE) are suggesting new ways to construct immunotoxin
molecules to increase their rate of endocytosis and thereby enhance their
cytotoxic activity.

Functions, Structure, and Regulation of Receptors for Cell Adhesion Proteins

Receptors for key extracellular proteins such as fibronectin, collagen, and
laminin are thought to mediate adherence, migration, and invasion by tumor
cells, as well as analogous processes by certain normal cells. Dr. Ken Yamada
has been characterizing poteins that bind collagen or fibronectin. One
collagen-binding protein is a transformation-sensitive heat-shock protein. A
second binding protein termed VLA-2 may be central to normal and tumor cell

penetration of collagenous matrices. Fibronectin receptors were shown to be
altered in quantity and/or distribution in vivo and in vitro. Levels are
increased in Rous sarcoma-virus induced tumors, and its membrane localization
is altered in a variety of tumor cells. The structure/ function studies of the
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human fibronectin receptors have shown that the beta subunit, shared by other
receptors, is required for normal cell attachment to fibronectin, laminin, and
collagen, while the alpha subunit provides specificity. This fibronectin
receptor is required for organization of an extracellular fibronectin matrix,
and to restrain migration of normal fibroblasts as part of its function in

maintaining the stationary cell phenotype. It thus appears to play a central
role in regulating normal cell adhesion and migration.

Structure and Roles of Transformation-sensitive Cell Surface Glycoproteins

Fibronectin plays a crucial role in cell adhesion, migration, invasion, and
metastasis. Four key sequences in fibronectin involved in its recognition by
cells are being characterized, and the role of each of these sites is being
defined. Vitronectin, another major cell adhesion protein, was found to be

regulated by an extracellular molecule termed PG-M, a novel proteoglycan that
modulates adhesion via its chondroitin sulfate side chains.

The Transgenic Mouse as a Model System to Study Gene Function and Regulation

Two important aspects of cancer: the ability of malignant cells to escape
destruction by chemotherapy, and the role of oncogenes and growth factors in

the development of cancer are being investigated. Transgenic mice which
contain a human cDNA (MDRl) encoding a multidrug transporter (P-glycoprotein)
capable of conferring multidrug resistance in cell culture. Expression of the
human MDRl gene was detected in the normally drug-sensitive bone marrow of

several lines of transgenic mice. Since bone marrow suppression is a major
drawback to the use of chemotherapy, these transgenic mice will be used as a

model to determine if higher doses of drugs can cure previously unresponsive
cancers. The epidermal growth factor (EGF) receptor is the cellular homolog of

the avian erythroblastosis virus erbB oncogene product. To elucidate the role
of the EGF receptor and its ligands in growth control and transformation, mice
bearing either the htiman EGF receptor gene or the human TGFa gene were
produced. In both cases the transgene was expressed in a wide variety of mouse
tissues. Studies are underway to determine the effects of inappropriate
expression on the developing mouse.

Regulation of the gal Operon of Escherichia coli

Gal repressor protein negatively regulates the expression of the gal operon of

E. coli. Repression requires binding of repressor to two spatially separated
operator sites, OE and 01. Previously it was shown by Dr. Sankar Adhya and his
colleagues that occupation of the two operators sites by repressor is not
sufficient to achieve normal repression, and it was proposed that an

interaction between two operator bound dimeric repressors, giving rise to a DNA
loop, is essential for repression. Recent experimental results strongly
support this model.

It was also discovered that in a cell devoid of Gal repressor, a derepressed
gal operon can be further induced two- to three-fold by the addition of the
inducer, D-fucose. In vivo operator titration assays suggest that the gal
operon is subjected to a new negative control under conditions when the
classical Gal repressor is removed from the cell.
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Genetic Regulatory Mechanisms in Escherichia coli and Its Bacteriophage

Cyclic AMP binds to its receptor protein CRP, and induces a conformational
change (allosteric transition) in the protein. The cyclic AMP. CRP complex,
but not free CRP, binds at or near many E. coli promoters in a sequence-
specific way and either represses or activates transcription. Several classes
of mutations in the crp gene were isolated and characterized which identify
the amino acids participating in the cyclic AMP- induced allosteric shift in

the protein. On the basis of these results and the three-dimensional structure
of the protein, it is proposed that cyclic AMP brings about a hinge reorienta-
tion to release the DNA-binding Fa-helices; alignment between two subunits;
and an adjustment between the position of the two domains in each subunit.
Mutants have been obtained that are in a allosterically frozen conformation
that is uninducible by cAMP. These mutations impart a defect in DNA binding
and/or in transcription activation, and these data suggest that a cAMP- induced
allosteric change is necessary not only for DNA binding but also for CRP-RNA
polymerase interaction. The CRP-RNA polymerase interaction when bound to DNA
is also being studied. Results suggest that a specific DNA distance between
the two bound proteins is required for productive interaction. It is likely
that there is a complicated arrangement between the two sites, in terms of DNA
sequence and distance.

Bacterial Functions Involved in Cell Growth Control

The role that protein degradation plays in regulating cell growth control is

being investigated by Dr. Susan Gottesman's laborabory through the study of the
proteases which carry out ATP-dependent proteolysis in E. coli. The Lon
protease has previously been shown to degrade RcsA, a positive regulator of

capsule synthesis, and SulA, a cell division inhibitor. The analysis of

capsule synthesis is being continued. RcsC, a membrane protein, probably
functions to sense environmental signals and transmits this information to the
positive regulatory protein RcsB. RcsA may act directly on the regulated
genes, or indirectly by affecting RcsB-RcsC interactions. The Clp protease, a

second major ATP-dependent protease, has an ATP-binding subunit (ClpA) which
shares homology with a family of proteins in both eukaryotic and prokaryotic
cells. The protease subunit of the Clp protease (ClpP) contains a serine
active site, and has only limited activity in the absence of ClpA. Clp is

induced anaerobically; one target of Clp degradation is excess ClpA subunit. A
third energy-dependent protease, the Alp protease, is capable of substituting
for Lon under some conditions.

LABORATORY OF BIOCHEMISTRY

The research activities of the Laboratory of Biochemistry, directed by
Dr. Claude Klee, are primarily focused in two areas: the control of gene
expression (where the emphasis is on the isolation and characterization of
trans -acting regulatory proteins), and the role of proteins in cellular
regulation.

The Control of Gene Expression

Dr. Carl Wu's group has continued to study sequence-specific DNA-binding
proteins in Drosophila , focusing on those binding at the heat shock genes and

XX



the segmentation gene fushi tarazu, ftz. A major achievement this year was

cloning of heat shock gene transcriptional activator, or Heat Shock Factor,

HSF. Another important finding was that HSF, which exists in an inactive

conformation, can be activated in vitro by exposure to heat, low pH, or an

antibody raised against the active form of HSF, suggesting that a

conformational change may be responsible for heat activation. It is hoped that

elucidation of the nature of this structural change will provide insight into

the mechanism by which this key signal transducer senses environmental stress

and transmits the signal to the transcriptional machinery. The heat shock gene

will be used as a model to study the cooperative or competitive interactions

between nucleosomes and transcription factors by in vitro reconstitution
experiments. These studies may help to clarify the role of histone proteins in

controlling gene activity in higher cells. The second project deals with the

regulation of gene expression allowing temporal and spatial expression of the

ftz gene during Drosophila development. A DNA-binding factor that interacts

with the ftz gene, ftzl, has been isolated. The function of ftzl has been
studied in vivo in transgenic flies and shown to be involved as a positive
transcription factor in specific segments of the early embryo.

Another aspect of regulation of gene expression during development has focused

on regulation of genes associated with muscle development and on

characterization of the genes involved in myogenic determination. Dr. Bruce

Patterson and his colleagues previously identified cis -acting elements involved

in the developmentally regulated expression of muscle specific genes. They
have now shown that the regulated expression of a-actin and some myosin light

chain genes in muscle is the result of a complex interplay of negative and

positive regulatory proteins binding at the same DNA regulatory regions. The

suppression of the 3"actin gene in differentiated muscle is controlled by a

cis-acting element in the 3' noncoding region of the gene. This element

imparts the p-actin regulatory pattern when inserted, in either orientation,

within the transcriptional unit of any gene expressed in a muscle cell

background. A related and exciting development is the isolation of the CMDl

gene which is involved in the determination of the myogenic phenotype. BUdR, a

thymidine analog that inhibits myogenesis, also inhibits the expression of CMDl

and may explain how the drug blocks differentiation. Expression of CMDl in

BUdR-treated cells will activate a cotransfected muscle-specific promoter and,

in some cases, the endogenous muscle genes. The isolation and mode of action

of the CMDl gene product has become a major concern for this group.

This year Dr. Dean Hamer and his colleagues have made an important

breakthrough in their understanding of how copper regulates metallothionein

gene transcription in yeast. They discovered that copper binds directly to a

bifunctional transcription factor, ACEl, and alters the conformation of a "DNA-

binding domain" such that it can bind to DNA. Once the factor has bound to

the metallothionein gene control sequences, a separate "activation domain"

interacts the general transcription factors and thereby accelerates the rate of

transcription initiation. The copper and DNA binding domain of ACEl represents

a new type of DNA recognition motif which they call the "copper fist". In

higher eukaryotes, good progress has been made on isolating a mouse metal-

lothionein gene regulatory factor, and the gene for an unusual zinc finger

protein, also involved in the regulation of expression of the metallothionein

gene, has been cloned ahd characterized.
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The role of DNA methylation in the modulation of gene expression has become the
main focus of interest in Dr. Ed Kuff's laboratory. For many years his group
has been studying the regulation of an envelope-deficient mouse retrovirus, the
intracisternal A-particle (lAP). lAPs are encoded by members of a multicopy
family of endogenous proviral elements. lAP elements are transposable in the
mouse genome and are multigenic. They are expressed in mouse embryos, some
normal adult tissues, and many transformed mouse cells and represent a good
model system to study gene regulation. Expression requires demethylation of
sequences within the lAP 5' LTR along with a constellation of trans -acting
cellular factors. The genetic basis for selective demethylation of lAP
provirus is being investigated in normal mouse lymphocytes and pancreatic
b cells, while relevant transcription factors are being studied in nuclear
extracts of various transformed rodent and primate cells.

Protains and Control of Cellular Processes

The mechanism of stimulus response coupling mediated by Ca^+ and calmodulin
remains the focus of interest in Dr. Claude Klee's laboratory. In
collaboration with Katheen Beckinghara (Rice University) they have used
calmodulin mutants deficient in Ca'^+ binding at either the low or high affinity
Ca^+-binding sites to study the cooperative binding of Ca + to the two halves
of calmodulin. The same mutants were used to demonstrate that Ca^+ binding to
all four sites of calmodulin plays a role in the activation of calcineurin, a
calmodulin-stimulated protein phosphatase. A major achievement during the last
year was the isolation and sequencing of two different cDNA clones of the
catalytic subunit of calcineurin. The deduced amino acid sequences of the two
proteins have allowed the characterization of the calmodulin-binding domain,
the identification of a novel structural domain needed to maintain enzyme
activity and revealed the extensive similarity of its catalytic domain with the
catalytic subunits of protein phosphatases 1 and 2a, thereby defining a family
of related protein phosphatases.

Dr. Shelby Berger and her colleagues are studying the role of prothymosin a in

cell division. The human prothymosin a gene family has been cloned, and
sequenced. It consists of one functional gene, and five processed pseudogenes.
The gene gives rise to two mRNAs by a novel form of alternate splicing.
Functional studies on prothymosin a mRNAs, synthetic and natural proteins, and
transfected cDNA and genes are not consistent with the extracellular role for
thymosin a proposed by others. Preliminary evidence suggests that
prothymosin a is required intracellularly for cell division. This group is

also investigating the mechanism of action of the ribonuclease H of two viral
reverse transcriptases. Contrary to previously held views these ribonucleases
are endonucleases. They have identified a specific inhibitor of the viral
enzyme.

Dr. Beverly Peterkofsky has continued to make steady progress in her study of
the regulation of the synthesis of the extracellular matrix components,
collagen and proteoglycan. Her previous proposal that the decreased synthesis
of these matjrix components in ascorbate-def icient guinea pigs is not related to
the role of ascorbate in the hydroxylation of proline in collagen but to
changes in circulating factors induced by fasting is supported by the demon-
stration that sera from scorbutic and fasting animals (ascorbate supplemented)
have reduced levels of insulin-like growth factor (IGF-I) and also contain an
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inhibitor of IGF-I. This inhibitor has now been shown to be a low molecular
weight IGF-I-binding protein. As part of their study of the alteration of
collagen synthesis in transformed cells Dr. Peterkofsky and her colleagues have
shown that the defect in normal collagen sjmthesis in transformed cells is due
to the loss of expression of the gene for the precursor of one of the two
subunits of the type I collagen, accompanied by post-translational modification
of the precursor of the other subunit.

DNA Replication

Several lines of inquiry have been pursued in studies of PI plasmid main-
tenance by Drs. Michael Yarmolinsky and Dhruba Chattoraj . Biochemical studies
have shown the importance of steric factors in (1) the control of plasmid
replication by DNA sites that bind the plasmid initiator protein and (2) the
efficient functioning of the PI centromere. Genetics studies have revealed the
involvement of several heat shock proteins in plasmid replication.
Physiological studies of the effects of interference with plasmid replication
functions have led to a detailed analysis of the PI lytic replicon and of PI
genes involved in bacterial addiction to the presence of the plasmid.

The earlier success in cloning a cDNA of human 3"DNA polymerase by Samuel
Wilson and his colleagues has been followed by the characterization of the core
promoter for the human gene and the identification of a palindromic sequence
GTGACGTCAC as a critical promoter element. A transcription factor that binds
specifically to the palindromic sequence was purified and characterized. The
preferential expression of this enzyme in testis and its induction by treatment
with mutagens may shed additional light on its physiological role. The rat DNA
polymerase 3 and the Al hnRNP single strand-binding protein were over expressed
in E.coli and their domain structure studied by limited proteolysis. The
nucleic acid binding properties of the individual domains are under study. The
determination of the kinetic parameters of the polymerization reaction
catalyzed by HIV reverse transcriptase is a first step in an attempt to

identify specific inhibitors of the enzyme.

The Organization of the Human Genome

The panel of human-rodent somatic cell hybrids previously isolated and
characterized by Dr. Wesley McBride continues to be an asset for many inves-
tigators at NIH and elsewhere wishing to determine the chromosomal localization
of human genes. About 20-25 genes have been mapped during the past year,
including 20 genes on 7 different human chromosomes. The role of several of

these candidate genes in specific hereditary diseases will be evaluated.

Observations made this year in Dr. Maxine Singer's group extend earlier work on

the expression of LINE-1 moveable elements in the human genome. They demon-
strated that DNA sequences essential to the promoter activity of the 900 bp

long 5 '-leader segment of human LINE-1 elements lie within the first 100 bp at
the 5' end. Moreover, LINE-1 promoter activity is about 100-fold higher in

human teratocarcinoma cells than in Hela cells. This finding is consistent
with the earlier observation by this group that full length cytoplasmic polyA"^

LINE-1 RNA was detectable in teratocarcinoma cells but not in Hela or other
human cell types. The teratocarcinoma cell RNA was shown to be a mixture of
transcripts from a large number of human LINE-1 elements. In vitro experiments
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have shown that at least several of these RNAs can be messenger RNAs, yielding
relatively large amounts of the product of the first open reading frame.
Preliminary data suggest that the relatively low level of translation of the
second open reading frame depends on reinitiation of translation rather than
suppression of the stop codons that separate the two frames.

LABORATORY OF CELLULAR ONCOLOGY

The Laboratory of Cellular Oncology, directed by Dr. Douglas Lowy, plans and
conducts fundamental research on the cellular and molecular basis of neoplasia.
Tissue culture cell systems and animal models are employed to study the
induction and maintenance of benign and malignant neoplasia and reversal of the
neoplastic state. Structure-function correlations are determined through
detailed examination of individual genes which have been implicated in cancer.

Tumor Gene Expression in vitro and in vivo

Oncogene studies have involved ras encoded proteins and the EGF receptor. A
major problem of ras biology is to determine how the protein is stimulated to
become biologically active and to identify the target(s) with which ras
proteins interact. In a series of collaborative studies. Dr. Lowy's group has
identified an effector region that apparently interacts with the putative ras
target, they have found that a cytoplasmic protein called GAP (for GTPase
activating protein) interacts with the ras effector domain. This result raises
the possibility that GAP may be a ras target. The ability of GAP to inactivate
normal ras encoded protein, and the result of additional studies now suggest
that GAP may be only a negative regulator of ras.

Analysis of Papillomaviruses

The strong association between certain papillomavirus (PV) types and specific
human cancers, in particular cervical cancer, led to investigations of the
biological activities of papillomavirus genes and the biochemical activities of
their encoded proteins. Bovine papillomavirus (BPV) has served as a model for
studying papillomaviruses because the viral genome readily transforms and
replicates autonomously in rodent cell lines. E5 is one of the two major
transforming genes of BPV. E5 encodes a 4A amino acid protein that is as-
sociated with the external surface of cytoplasmic membranes. Given its small
size and location, it seemed unlikely that E5 would have intrinsic enzymatic
activity, and investigations have been focused on the possibility that it
induces transformation by activating other proteins involved in cell prolifera-
tion and transformation. It has been determined that E5 can potentiate the
transforming activity of two growth factor receptors, the c-erbB and c-fms
proto-oncogenes but not two other tyrosine kinases, c-src or c-fes. Potentia-
tion can occur in either the presence or absence of exogenous ligand. In E5
containing cells, the EGF receptor is partially activated in the absence of
exogenous ligand, and the half life of both ligand stimulated and unstimulated
receptor is increased. From these results, it was hypothesized that E5 induces
transformation by inhibiting the down regulation of activated growth factor
receptors.

Since the HPV16 E6 and E7 genes are selectively retained and expressed in HPV16
and HPV18 associated cervical carcinomas. Dr. Lowy's group has undertaken an
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in vitro analysis of their function and products. Biochemically, they found

both E6 and E7 of HPV18 and of BPV can bind zinc, presumably through conserved

cys-x-x-cys motifs. In BPVE6, they found that these motifs are essential for

biological activity and for normal sub-cellular localization of the protein to

the nuclear matrix. For HPV16, E7, but not E6, was found to transform NIH3T3

cells. E7 could also extend the lifespan of normal human foreskin kera-

tinocytes, but E6 was required in addition for immortalization of the cultured

keratinocytes. The results with human keratinocytes provide strong support for

the hypothesis that the preferential maintenance and expression of E6 and E7 in

human cervical carcinomas has pathogenic significance.

LABORATORY OF PATHOLOGY

The Laboratory of Pathology, directed by Dr. Lance Liotta, is responsible for

all the diagnostic services in anatomic pathology for the Clinical Center of

the NIH and has a fully accredited 4-year residency program in anatomic

pathology. A major focus of experimental research within the laboratory is a

study of the molecular genetics of tumor cell invasion. Knowledge gained from

these studies has led to the development of new therapeutic approaches designed

to inhibit the development of cancer metastasis.

Tumor Invasion and Metastases

A set of gene products has been identified in Dr. Liotta 's laboratory which may

regulate tumor invasion and metastasis: a) laminin receptor; b) autocrine

factor; c) NM23 metastasis suppressor protein, d) type IV collagenase, and e)

CSC-21 metalloproteinase inhibitor. These metastasis-associated gene products

may be different from those which regulate tumor growth, and this is in keeping

with the concept that benign tumors may grow in an unrestrained fashion, but

fail to invade.

The laminin receptor is a cell surface protein which binds laminin, and is

augmented in certain aggressive human cancers compared to non-malignant

counterpart cells. Dr. Mark Sobel has cloned and sequenced the full-length cDNA

for the laminin receptor. A recent discovery is that estrogen and progesterone

regulate expression of the laminin receptor gene in breast cancer cell lines.

These observations of augmented levels of cell surface laminin receptors in

human tumors led to the development of a new therapeutic strategy; using anti-

laminin receptor antibodies to target adriamycin encapsulated liposomes to

tumor cells. In vitro studies using this approach demonstrated more than a

ten-fold higher rate of killing of human breast carcinoma cells compared to

breast epithelial cells. Clinical trials using this approach are in the

preclinical toxicology phase.

The autocrine motility factor (AMF), a new cytokine secreted by tumor cells,

binds with high affinity to a cell surface receptor and profoundly stimulates

locomotion. Dr. Elliott Shiffmon's group found that a pertussis toxin

sensitive G protein is required for the transduction of the AMF signal through

the phosphoinositol pathway. Screening of inhibitors blocking this pathway has

led to the identification of a Merck compound which may be of therapeutic value

in cancer treatment. Preclinical toxicology studies have been completed and

clinical trials are planned.
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A recently published clinical study describes the measurement of AMF in the

urine of patients with transitional cell carcinoma of the bladder. A very
strong correlation was found between the AMF levels and tumor grade, stage of

invasion, and recurrence. Wider clinical testing is underway to determine the
efficacy of this test in the early detection of bladder cancer recurrence.

NM23 is a gene expressed to a higher level in low metastatic tumor cells
compared to high metastatic cells. It encodes a putative metastases suppressor
protein. A full-length NM23 cDNA clone has been sequenced. The encoded
protein sequence has properties suggesting a leucine-zipper DNA binding
protein. The NM23 protein has a size of 17 kDa. The NM23 protein is virtually
identical to a Drosophila gene (awd) product which plays a critical role in

morphogenesis and tissue pattern formation. The discovery of NM23 therefore
provides a link between development and metastasis. The negative correlation
of NM23 expression with metastases was confirmed in four different animal model
systems using multiple clones. A strong negative correlation was found
between human breast carcinoma aggressiveness, in terms of lymph node metas-
tases, and NM23 raRNA expression. Preliminary data suggests that the NM23 gene
location may be on chromosome 11, possibly on the short arm region shown by
Callahan to be deleted in more aggressive human breast cancer cases. Addition-
al preliminary data has demonstrated a strong suppression of experimental
metastases in a series of tumor cell clones transfected with NM23 compared to a

series of control transfections. NM23 may provide a number of significant
prognostic and therapeutic strategies.

The structural backbone of the basement membrane is type IV collagen, a

collagen genetically distinct from the other types of collagen. It was
originally determined that type IV collagen was resistant to known mammalian
collagenases. Dr. Liotta's group discovered type IV collagenase, a metal-
loproteinase which cleaves type IV collagen in a pepsin resistant site located
1/4 of the distance from the amino terminus of the substrate. The enzyme is

secreted in a latent 70 kDa form which fails to degrade type IV collagen. When
the enzyme is activated, it becomes reduced to a molecular size of 62 kDa and
can specifically cleave type IV collagen. Both latent and active forms of this
enzyme are gelatinolytic. This enzyme is secreted in large amounts by tumor
cells and its rate of elaboration is correlated with the metastatic phenotype
in several systems.

Affinity purified antibodies made against synthetic peptides corresponding to

the latent versus active enzyme were used to study the expression of the enzyme
antigen during progression from human in situ to invasive breast carcinoma.
The latent type IV collagenase was found associated to a low degree with benign
duct myoepithelial cells. In contrast, the active enzyme form was not present
in normal ducts or benign ductal proliferation, was present variably in comedo
carcinoma in situ , and was markedly augmented in primary invasive carcinoma and
metastases. This indicates that enzyme activation may be an important
correlate of tumor progression. Type IV collagenase production also shows a

strong correlation with invasive grade in human colorectal cancer, and is

markedly augmented following ras oncogene transfection in a variety of murine
and human cell types.

Analysis of the full-length cDNA clone encoding the human latent type IV
collagenase has revealed three separate functional domains, which suggests
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three new strategies for inhibition of the enzyme: a) blocking activation of
the latent metalloproteinase, b) blocking binding of the latent or active
raetalloproteinase to the substrate, and c) inhibition of the active (cleavage-
producing) site of the enzyme. Specific synthetic peptides have been developed
which accomplish all three strategies.

The first clinical application of this information is in the diagnosis and
prognosis of cancer. Immunohistologic staining using antibodies to various
domains on type IV collagenase have proven to be a useful means to judge the
invasive potential of a tumor and to identify raicrometastases in lymph nodes
or other tissues distant from the primary tumor site. Type IV collagenase may
be a particularly good marker in urine for bladder cancer, and may also prove
useful as a serum marker for systemic cancers. Preliminary data indicate that
levels of type IV procollagenase mRNA and type IV procollagenase gene rearran-
gement and amplification may be of prognostic value in human carcinomas.

The second clinical application is therapy. Synthetic, natural, or recombinant
inhibitors of type IV collagenases may have significant therapeutic potential
as agents which block angiogenesis and tumor invasion. They may have low
toxicity since basement membrane turnover is rare in normal tissues. There
also may be therapeutic utility for the recombinant enzjnne itself or for enzyme
fragments

.

During the past year, a novel proteinase inhibitor was discovered which binds
with a 1:1 stoichiometry to type IV collagenase. The inhibitor has been
purified to homogeneity and the complete primary structure has been determined.
The novel inhibitor, termed CSC-21, is the first new member of the TIMP (tissue
inhibitor metalloproteinases) family with conservation of all 12 cysteine
positions. This new inhibitor can be considered in the class of tumor
suppressor gene products

.

Hematopathology

An active research program is carried out on the immunological characterization
of malignant lymphomas. This information is utilized to study the relationship
of malignant Ijnnphomas to the normal immune system, to develop improved clas-
sifications of disease, to distinguish new clinicopathologic entities, and as a

basis for immunotherapy.

Dr. Jeffrey Cossman has been studying the molecular basis of the diagnosis of

human lymphomaproliferative disease. This work has already produced a number
of major findings. The T- and B-cell lineage of diffuse, aggressive lymphomas
as determined by phenotypic studies can be confirmed by detection of ap-

propriately rearranged T-cell receptor or immunoglobulin genes. Moreover, in

some patients' tissues which lack evidence of malignant lymphoma by convention-
al histology or immunologic studies, malignant lymphoma can be identified by
these techniques.

Dr. Mary Alice Stetler-Stevenson has demonstrated that frequent relapse of

follicular lymphoma, the major obstacle to cure, is a consequence of clonal
expansion of daughter cells derived from a common stem cell. Thus, despite the
"clinical" remission achieved by therapy in most patients, residual Ijrmphoma

cells must persist. To detect occult lymphoma, investigators in this
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laboratory have specifically amplified the joined bcl-2/JH DNA sequences

created by the t(14;18) translocation seen in nearly all follicular Ijnnphomas.

Using multiple rounds of primer-directed DNA poljrmerization (polymerase chain

reaction, PCR), one can detect a single copy of bcl-2/JH, which is four orders

of magnitude more sensitive than flow cytometry or Southern blot restriction
analysis. Genomic DNA sequence analysis of four lymphomas confirmed that the

size of the amplified fragment serves as a unique tumor marker. Direct

application to clinical samples has demonstrated lymphoma cells which were

otherwise undetectable.

Gene Regulation

Dr. David Levens has developed a novel method for identifying sequence-specific
DNA binding proteins. The gibbon ape leukemia virus is a family of type C

retroviruses associated with several distinct hematopoietic malignancies. The

Seato strain is associated with granulocytic leukemia. The principal deter-

minant of enhancer activity has been shown to reside in a 22 bp element which
interacts with cellular proteins. These same proteins also bind to a negative

cis-element approximately 330 bp upstream of c-myc promoter PI. The gibbon T-

cell lymphoma cell line MLA 144 strongly transactivates the GALV-Seato
enhancer. Fractionation of MLA 144 extracts by conventional and affinity
chromatography allows the separation of the GALV enhancer binding protein
complex into 2 components. One of these components interacts strongly with DNA
but does not in itself possess full specificity. The second component does not

in itself bind DNA, but upon forming a complex with the first component confers

greatly enhanced power to discriminate between different sequences.

Application of an exonuclease assay to the c-myc has revealed multiple cis- and

trans -elements both upstream and downstream of the c-myc promoter PI. Current

studies have focused on 3 regions, each of which interacts with one or more

sequence-specific binding proteins. A negative cis-element present in intron

one of the c-myc gene is frequently mutated in Burkitt's lymphoma.

DERMATOLOGY BRANCH

The Dermatology Branch, directed by Dr. Stephen Katz, conducts both clinical

and laboratory research studying the etiology, diagnosis and treatment of

inflammatory and malignant diseases involving the skin, and the host's response

to these diseases. The Branch also serves as Dermatology Consultant to all

other services of the Clinical Center.

Immunopathologic Mechanisms Involved in Inflammatory and Neoplastic Skin

Diseases

Dr. Katz's laboratory has continued to study the immunological functions of

cells of the epidermis. When murine epidermal Langerhans cells are cultured

for 2-3 days they become very potent antigen presenting cells for hapten

modified self as well as for protein antigens. Utilizing these cells in

primary immune responses in vitro, they found that the T cells responded

preferentially to the hapten to which they were "primed." T cell lines have
been produced from these in vitro sensitized cells. During the first few

stimulations the primed T cells produce mainly IL-2, however after multiple
stimulations they produce mainly IL-4 and not IL-2. Utilizing this in vitro
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sensitization system, they have attempted to generate primary in vitro
responses to tumor-associated antigens such as the Friend Leukemia Virus
associated gp-70 protein, but have been unable to detect any antigen processing
or presentation by cultured or freshly prepared epidermal Langerhans cells.
Preliminary studies demonstrate that cultured human Langerhans cells exhibit
increased class II MHC molecules and are potent alloantigen presenting cells.
Dr. Katz's group plans to assess the ability of these cells to present protein
antigens and then will attempt to generate primary in vitro responses to viral-
or txomor-associated antigens.

Studies assessing the effects of cyclosporine A (CSA) on antigen presenting
and accessory cell functions of Langerhans cells have demonstrated that offers
a 2 hour incubation with CSA, Langerhans cells become relatively unable to
perform many of the T cell stimulatory functions. In addition, CSA has a

profound effect on the proliferation of epidermal cells. Dr. Katz and his
colleagues have also studied the effects of dexamethasone on epidermal Langer-
hans cells. From thier in vitro studies, it appears that dexamethasone is

cytolytic to a subpopulation of Langerhans cells. In studies using various
activation signals, it is clear that phorbol and ionomycin activation of T

cells cannot be inhibited by dexamethasone, whereas it is completely blocked by
cyclosporine.

Molecular Basis of Autoimmune Skin Diseases

Dr. John Stanley's group is studying autoantibody-mediated skin diseases in

order to learn more about the pathophysiology of these diseases, and also the
structure and function of normal epidermis and epidermal basement membrane
zone. Specifically, antibodies in these diseases define molecules in the
normal epidermis. Dr. Stanley has characterized the antigens defined by
antibodies in the sera of patients with three of these diseases: bullous
pemphigoid (BP), pemphigus vulgaris (PV) and pemphigus folaceus (PF).

He has also determined, with immunochemical methods, that the BP antigen is a

230 kD protein with a pi of 8. The sera of almost all patients with BP bind to

this polypeptide, and, therefore, immunoprecipitation can be used as a diagnos-
tic technique. A cDNA clone encoding the C-terminal end of this antigen has
been isolated which is being used as a probe to find the full length cDNA for
BP antigen. The encoded peptide is not homologous to any known protein.

The PV and PF antigen complexes extracted from normal human epidermis have
also been characterized, and shown to contain the adhering junction molecules
desmoglein (PF antigen) and plakoglobin (both antigens). Thus, in diseases of

defective cell adhesion, autoantibodies are directed against adhering junction
components

.

Molecular and Cell Biology of Immunoreactive Molecules in the Skin

A new research program has been initiated with a primary goal of elucidating
the molecular mechanisms regulating the expression of immunoreactive molecules
in the skin. ICAM-1, or intercellular adhesion molecule- 1, is a cell surface
protein that is the major ligand for LFA-1, or lymphocyte function associated
antigen- 1, an anchoring receptor on all T cells whose interaction with ligand
is critical for proper T-cell function. Cutaneous T-cell inflammatory and
neoplastic diseases may depend upon the regulation of ICAM-1 expression by
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various cells in the skin. Dr. Wright Caughman has shown that human kera-

tinocytes (HK) in culture do not normally express ICAM-1, and that exposure of

HK to human interferon-gamma (IFN) or tumor necrosis factor-alpha (TNF), two
biologic response modifiers (BRM), results in the rapid induction of ICAM-1
mRNA expression, protein biosynthesis, and surface expression. Human dermal
microvascular endothelial cells (HDMEC) constitutively express ICAM-1, and that
this expression can be rapidly upregulated both at the level of mRNA and in

surface expression by exposure to human interleukin-1 (lL-1). Recent studies
showed specific T-cell binding to HDMEC in vitro is dependent upon ICAM-1
expression by HDMEC and can be upregulated as well by factors which increase
ICAM-1 expression.

ICAM-1 expression in HK and HDMEC is regulated at the level of gene transcrip-
tion. A 19 kb genomic clone has been isolated that contains portions, if not
all, of the ICAM-1 gene. Mapping and sequencing of the 5' flanking regulatory
region of this genomic clone of ICAM-1 has been partially completed.

Therapy of Skin Cancer and Disorders of Keratinization

Dr. Gary Peck's laboratory is continuing to evaluate safety and effectiveness
of new oral and topical agents particularly the synthetic retinoids, in the
treatment of skin cancer, disorders of keratinization and cystic acne as well
as in the prevention of cancer.

METABOLISM BRANCH

The Metabolism Branch, directed by Dr. Thomas Waldmann, conducts laboratory and
clinical research with the ultimate goal of defining host factors that result
in a high incidence of neoplasia. In this area, a broad range of immunological
investigations are carried out in patients with immunodeficiency diseases that
are associated with a high incidence of neoplasia, as well as in patients with
malignancy, especially T- and B-cell leukemias.

Molecular Analysis of Translocations of Transforming Genes to the Locus of

T-cell Antigen Receptor Genes

Previously, analyses of immunoglobulin and T-cell receptor gene rearrangements
were used to define the lineage (T or B cell) of cells lacking conventional
markers, to establish whether abnormal Ijnnphocytic populations are polyclonal,
oligoclonal or monoclonal, and to broaden the scientific basis for the diag-
nosis and monitoring of the therapy of lymphoid neoplasia. More recently.
Dr. Waldmann has exploited illegitimate chromosomal translocations in T cell
leukemia involving the T cell receptor genes to clone elements involved in the
regulation of normal and malignant cell proliferation. A putative transforming
gene has been identified (SCL-1) that is expressed in hematopoietic tissues.
The gene was identified through the molecular cloning of a translocation
between chromosomes 1 and 14;t(l : 14)(p33;qll) that occurred in a human stem
cell leukemia that was able to differentiate into myeloid and lymphoid line-
ages. As a consequence of the translocation, a novel fusion transcript was
generated between the sequences on chromosome 1 and chromosome 14. The gene of
chromosome 1 manifested a DNA binding motif shared with the Drosophila
daughterless gene and the myc and MyoD proteins. This gene is expressed in

fetal liver and normal bone marrow and may be important for hematopoietic stem
cell development and oncogenesis.
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Molecular Analysis of Trans-Acting Factors That Mediate Lymphoid Specific Gene
Transcription

As an approach to understanding development in the B Ijnnphocyte lineage.
Dr. Louis Staudt has characterized trans-acting factors that mediate lymphoid-
specific gene transcription. The lymphoid-specif ic transcription of immuno-
globulin (Ig) genes has been chosen as a model. The promoters of all Ig
variable genes and the Ig heavy chain enhancer contain a critical octamer DNA
motif, ATTTGCAT. This motif, together with a TATA motif, is necessary and
sufficient for lymphoid-specif ic promoter activity. Nuclear extracts of
lymphoid and non-lymphoid cell lines have been assayed for proteins which
specifically bound to the octamer motif, and two major species were detected:
a biquitous octamer binding protein (Oct-1) and a lymphoid-specif ic octamer
binding protein (Oct-2). Oct-2 functioned as a transcription factor in vitro
using immunoglobulin promoter templates. Dr. Staudt cloned the human Oct-2
structural gene by screening a phage \gtll expression library with a radio-
labeled DNA probe containing the octamer motif. The cloned gene encodes an
octamer-specif ic DNA binding protein which is itself lymphoid-restricted in

expression.

By sequencing the Oct-2 gene Dr. Staudt identified a 60 amino acid domain that
is homologous to the "homeo box" domain of proteins which are important for
cell type determination and development in lower eukaryotes . This domain of
the Oct-2 protein was shown to be required for DNA binding by site directed
mutagenesis. This represents the first demonstration that a mammalian gene
containing a homeo box domain is a sequence-specific DNA binding protein. The
presence of the homeo box in the Oct-2 gene lends support to the notion that
this gene is important for lymphoid development. Full length Oct-2 cDNA clones
revealed additional regions of homology with other transcription factors. One
highly conserved 75 amino acid domain, the "POU" box, is shared by a subset of

homeo box proteins that includes a pituitary-specific human transcription
factor, Pit-1. In addition, Oct-2 has a "leucine zipper" domain which it

shares with the nuclear oncogenes myc , fos and jun and with other transcription
factors. The leucine zipper may mediate the interaction of Oct-2 with other
regulatory proteins. Alternative splicing of the Oct-2 gene generates a

variety of distinct Oct-2 proteins, one of which lacks the leucine zipper and
thus might be functionally unique.

Recent evidence indicates that the octamer motif may control the expression of

other lymphoid-specif ic genes besides Ig, notably the Bcl-2 proto-oncogene
involved in the pathogenesis of hximan follicular lymphomas. Using the cloned
Oct-2 gene, it should be possible to determine the range of genes which are
expressed exclusively in lymphocytes under the transcriptional control of the
octamer motif. Recent evidence suggests that oct-2 may be involved in the
expression of T cell activation genes.

Somatic Gene Therapy for Human Genetic Disease

Dr. Michael Blaese and his collaborators, Steven A. Rosenberg and W. French
Anderson, have now performed the first authorized clinical experiment in which
a foreign gene has been introduced into humans. A recombinant murine retro-
viral vector containing the bacterial gene encoding Neomycin resistance (neoR)
was used to label tumor infiltrating lymphocytes (TIL) used in the treatment of

patients with malignant melanoma. The next phase of these studies will involve
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the insertion of genes encoding various cytokines into TIL in an attempt to

improve their tiomoricidal activity for a variety of tumors. Dr. Blaese
prepared vector constructs with the alpha and gamma interferon genes as well as

genes for tumor necrosis factor (TNF) and IL-ip. These vector preparations are
currently being characterized for their ability to produce these cytokines in

both lymphoid and non- lymphoid cells. Major studies of the biological effects
of cells constitutively secreting these molecules are also underway as are
studies of the potential utility of using lymphocytes as cellular vehicles for

gene therapy of non-malignant diseases such as adenosine deaminase (ADA)

deficiency. T lymphocytes from SCID patients have been grown to high numbers
using anti-CD3 and rIL-2 stimulation and the human ADA gene has been success-
fully introduced into these cells. A clinical protocol for the treatment of
ADA(-)SCID with gene-treated cultured T cells is now being prepared for
submission to the Recombinant DNA Advisory Committee.

Dr. Blaese has also continued his work with the compound Succinylacetone (SA)

which appears to have potent immunosuppressive properties. SA greatly prolongs
skin allograft survival in rats and permits indefinite survival of totally
mismatched cardiac allografts in rats.

The Genetic Control of the Immune Response; Application to the Design of

Synthetic Vaccines

Dr. Jay Berzofsky has been studying the mechanisms by which T cells recognize
antigens on the surface of other cells in association with major histocom-
patibility complex (MHC) -encoded molecules, and the application of these
principles to the design of synthetic vaccines for AIDS and malaria. Earlier
studies in myoglobin demonstrated that different T cells can see the same
determinant in different positions or conformations in the same MHC molecule.
In addition. Dr. Berzofsky showed that peptides that can fold as amphipathic
alpha helices are statistically more frequent among immunodominant T-cell
determinants than in protein sequences in general.

Dr. Berzofsky applied these results to the design of synthetic vaccines for

malaria and AIDS. In the malaria study, two immunodominant sites for human and
mouse helper T cells were found. T cells from some humans from a malaria
endemic-area of Africa could distinguish the variants of these sites from
different isolates of P. falciparijm , however, evidence was obtained for
crossactivity among the variants of both sites, suggesting that it should be
possible to develop a vaccine that may be useful for many strains of P.

falciparijm . In the case of AIDS, 6 multideterminant regions of the envelope
protein have been identified that contain overlapping helper T-cell antigenic
determinants seen by mice of different MHC types. Each region can be seen by
most MHC types allowing circumvention of MHC restriction problems. Four of the
peptides were studied in HIV-infected humans. About 80% of humans early in HIV
infection lose the ability to respond in a T-cell proliferative response to

soluble protein antigens, but about 50% retain a T-cell response to the same
antigens as measured by IL-2 production. This finding may be of prognostic
significance. Each peptide elicited in vitro T-cell responses in cells from
50-67% of unrelated HLA-diverse donors who retained the ability to respond to

control antigens, and 85-90% of such donors responded to at least one of the 4

peptides, so many peptides may not be required for an MHC-diverse population.
In addition, one of these peptides served as a very potent helper determinant
when attached to a neutralizing antibody epitope to elicit neutralizing
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antibodies. Because the CTL determinant previously identified in the envelope
protein is highly variable among HIV isolates. Dr. Berzofsky examined the
effect of this variability on T-cell recognition and found that the same site
is a CTL determinant on several isolates of HIV. He has been able to identify
residues that contribute to binding to class I MHC molecules, and one residue
that seems critical for recognition by the T cell receptor. Thus, HIV can
mutate residues that interact with MHC molecules. The identification of these
helper and CTL determinants, approaches to circumvent MHC restriction, and the
understanding of virus variability, should prove useful in the design of

vaccines.

The Multi-Chain IL-2 Receptor: Chemical Characterization, Function, and Use as

a Target for Immunotherapy

Antigen-stimulated activation of resting T cells induces the synthesis of

interleukin-2 as well as high affinity IL-2 receptors that are not expressed on

resting T cells. Dr. Waldmann previously identified two peptides that bind IL-

2, the 55 kD peptide reactive with the anti-Tac monoclonal, and a novel 70/75

kD (p75) peptide. He proposed a multichain model for the high affinity IL-2
receptor in which both the p55 Tac and the p75 IL-2 binding peptides are
associated in a receptor complex. Recently additional p22, p35, p40, p95 and
pl80 peptides have been identified that may be associated with the 55 kD Tac
peptide in the multichain receptor.

IL-2 receptor represents an extraordinarily versatile therapeutic target.

T cells in patients with certain Ijnnphoid malignancies and select autoimmune
diseases, as well as individuals rejecting allografts express the IL-2 recep-

tors identified by the anti-Tac monoclonal antibody, whereas normal resting
cells and their precursors do not. The unmodified anti-Tac monoclonal antibody
has been utilized to block binding of IL-2 to its growth factor receptor, and

has led to remissions lasting 1, 5 and over 8 months in the treatment of

patients with adult T cell leukemia. This therapy has not had toxic
complications and has also been used effectively in the prevention of early
graft rejection in patients receiving donor renal allografts.

In order to improve the effectiveness of IL-2 receptor directed therapy,

different approaches have been used to modify the antibody to augment its

capacity as a cytotoxic agent. For example, in collaboration with Dr. Ira

Pastan a genetically modified form of Pseudomonas exotoxin (PEAO) has been

developed from which the first domain (which is responsible for ubiquitous

cell binding) was deleted. This truncated toxin was conjugated to anti-Tac or

IL-2 in order to provide a method of delivering the toxin directly to the

surface of IL-2 receptor expressing cells. Anti-Tac (Fv) sequences encompass-

ing the variable regions of the anti-Tac light- and heavy-chains were geneti-

cally coupled to the truncated Pseudomonas exotoxin sequence to generate a

single co-linear protein with the specificity of the antibody. In addition,

alternative cytotoxic agents were developed by coupling radionuclides to anti-

Tac. For example, ^^^Bi, an alpha-emitting or ^^Y a beta-emitting radio-

nuclide conjugated to anti-Tac by use of bifunctional chelates were effective

and specific agents for the elimination of Tac-expressing cells and prolonging

survival of cardiac allografts in animals. The use of mouse anti-Tac is

hindered by the host immune response to the murine antibody and by the lack of

effector cytotoxic capacity of the monoclonal. A "humanized" anti-Tac antibody
has been constructed by placing the complementary determining regions (CDRs) of
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the murine anti-Tac antibody into the human variable region framework and oi

constant regions. In addition, a molecular model of the murine anti-Tac was
used to identify the amino acids which although outside of the CDRs had a high
probability of interacting with either the CDRs or the antigen surface. Such
residues could have an effect on antigen binding and thus were retained in the
constructed antibody.

Over the past year, hyperchimeric "humanized" anti-Tac antibodies have been
generated in which the molecule is entirely human IgGl kappa except for the
small hypervariable segments of the complementarily determining regions
retained from the mouse antibody. It is hoped that these "humanized" an-
tibodies will be minimally immunogenic. Furthermore, they add the new func-
tional activity of antibody dependent cellular cytotoxicity that was absent in
the parent mouse anti-Tac while maintaining the important functions of high
affinity binding and T-cell receptor blockade. Clinical trials will be
initiated to define the efficacy of each of these agents in the treatment of
patients.

IMMUNOLOGY BRANCH

The Immunology Branch, directed by Dr. David Sachs, carries out laboratory
investigations in basic immunology with particular emphasis on studies of the
major histocompatibility complex (MHC) and its role in transplantation in
animal models and in man.

Development of Models for the Induction of Specific Tolerance to MHC Products

The induction of intentional mixed chimerism across MHC barriers has been
investigated as a means of producing specific transplant tolerance. The use of
mixtures of T-cell depleted syngeneic plus allogeneic bone marrow has been
found to produce permanent specific tolerance with full immunocompetence

.

Reconstitution of irradiated animals with a mixture containing T cell depleted
syngeneic marrow plus non-T-cell depleted allogeneic marrow has been found to
produce complete allogeneic chimerism while avoiding gralt-vs-host disease
(GVHD). This model may be useful in the treatment of leukemia, since it does
not appear to eliminate the graft-vs- leukemia (GVL) effect. In order to
decrease the toxicity of ablative radiation regimens, monoclonal anti-T-cell
subset antibodies have been substituted for part of the irradiation. Treatment
with such antibodies can deplete mature T-cells effectively from all peripheral
lymphoid tissues, but not from the thymus. This selective thymic irradiation
has produced long-term mixed chimerism and specific tolerance across an MHC
barrier with a non-lethal preparative regimen. This regimen has now been
successfully applied to rat-mouse xenogeneic chimeras as well.

Studies of Bone Marrow and Organ Transplantation in Miniature Swine

Without exogenous immunosuppression, miniature swine matched for class II and
transplanted across a class I plus minor antigen difference frequently develop
specific systemic tolerance. The mechanism of this tolerance has been inves-
tigated in vitro and has been found to involve a specific depletion of class I

reactive helper T-cell populations.

Because the response to ablative regimens in miniature swine is more similar to
that of man, establishment of a bone marrow transplant regimen in this model

XXXIV



has been carried out as a pre-clinical step. Ablative radiation regimens have
been established similar to those used for HLA identical sibling transplants in
man, and have been found satisfactory to permit MHC matched bone marrow
allografts. A new regimen with fractionated irradiation has been found
necessary to permit successful transplantation of MHC mismatched bone marrow.
This regimen is not sufficient to permit acceptance of T-cell depleted bone
marrow grafts. Non-T-cell depleted bone marrow grafts across full MHC barriers
were found to produce aggressive lethal GVHD. Addition of T-cell depleted
autologous bone marrow to the non-T-cell depleted allogeneic inoculum has been
attempted and, in some cases, has permitted engraftment while avoiding lethal
GVHD. These data may have potential applicability to clinical transplantation.

The use of bone marrow transplants to induce tolerance to organ allografts in

this model have been demonstrated. Kidney grafts matched for MHC with the
bone marrow donor enjoy the same long-term survival as do matched kidney
allografts

EXPERIMENTAL IMMUNOLOGY BRANCH

The Experimental Immunology Branch, directed by Dr. Alfred Singer, carries out
laboratory investigations in basic immunobiology with particular emphasis on
lymphocyte differentiation and regulation; T cell biology of the immune
responses; transplantation biology; structure, regulation and function of genes
involved in the iimnune response; and tumor immunology. A flow cytometry
laboratory is maintained that supports over 80 individual research projects
during the past year for investigators in the EIB and elsewhere at the NIH.

Lymphocyte Differentiation and Regulation

Dr. Alfred Singer's laboratory has examined the role of CD4 and CDS accessory
molecules in T cell differentiation and function. These studies have revealed
that protein kinase C (PKC) activation results in the rapid internalization
from the cell surface of T-cell receptors (TcR) and CDA, but does not result in

the rapid internalization of CDS, suggesting that the CD4 and CDS differ in

their biochemical responsiveness as well as their ligand specificities for
class II and class I MHC respectively. Studies with anti-CD4 monoclonal
antibody (MAb) modulation of cell surface CD4 have revealed that anti-CD4
induced internalization of CD4 induces co- internalization of TcR both in vitro
and in vivo. Interestingly, the co- internalization of TcR with CD4 is depen-
dent either on PKC or a related intra-cellular mediator, as intra-cellular
depletion of PKC disrupts the co- internalization of TcR induced by anti-CD4
cross-linking. During these studies. Dr. Singer found that antibody induced
engagement of CD4 on immature CD4 8 (double positive) thjnnocytes caused the
immature double positive thymocytes to markedly increase their expression of
TcR by 3-5 fold, as opposed to the reduction in TcR expression that occurs upon
antibody induced CD4 engagement on mature CD4 8~ (single positive) thymocytes.
Since increased TcR expression is a necessary step in the differentiation of
immature double positive thymocytes into mature single positive thymocytes,
these studies indicated a critical role in T cell differentiation for CD4
engagement on developing thymocytes. Dr. Singer's studies to elucidate the
molecular basis for the increased expression of T cell receptor on immature
thymocytes in response to CD4 engagement revealed that the great majority of
receptor proteins are degraded within immature thymocytes, and that CD4
engagement results in a decreased rate of degradation. Thus, the increase in
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TcR expression does not result from increased synthesis, but rather from

decreased degradation.

The role of T cell receptor expression in thymocyte development has also been

studied. In studies in mice which are genetically unable to express T cell

receptor (SCID mice), it was observed that TcR" SCID thymocytes were arrested

at the CD4"8" stage of differentiation. Interestingly, if TcR"*" cells were

introduced into the SCID thymus, the SCID thjraocytes would remain TcR" but

would differentiate into CD4''"8"'" cells. These studies indicated a role for

functional TcR"*" cells in initiating the differentiation of TcR" CD4"8" thymocy-

tes, a function that might be performed by TcR(t6) in normal T cell ontogeny.

If thymic selection occurs at the CD4''"8''" double positive stage of differentia-

tion, immature double positive thymocytes must be responsive to membrane-

initiated differentiation signals. Recent studies have revealed that double

positive thymocytes will activate tyrosine kinases which tyrosine phosphorylate

the zeta chain of the T cell receptor complex in response to cross-linking of

cell surface CD3,CD4,CD8, and TcR(a). Since most double positive thymocytes

have their zeta chain phosphorylated in vivo, these results suggest that most

double positive thymocytes have already received in situ membrane- initiated

differentiation signals that have activated their intracellular tyrosine

kinases.

Studies in the laboratory of Dr. Stephen Shaw have been directed at charac-

terization of heterogeneity among subsets of human peripheral blood T cells and

determining the functional capacities of the subsets defined. Their studies

confirm and extend previous analysis of T cell subsets distinguished by

different isoforms of CD45, which they have interpreted to be naive and memory

T cells. Methodologic progress allows preparation of very pure subsets whose

functional capacities have been studied. Naive cells have markedly reduced

proliferative responses to various regimens of receptor-mediated activation;

however, their capacity to respond is demonstrated by augmented response in the

presence of co-stimuli such as that provided by IL1/IL6, CD28 or CD44. This

suggests important regulatory mechanisms for co-stimuli in vivo in determining

responsiveness of particular subsets. Systematic phenotypic analysis of CD4

cells with more than 200 monoclonal antibodies reveals unexpected heterogeneity

which is being categorized by multicolor flow cytometry. Such integrated

phenotypic and functional analysis is essential to adequately address the

functional complexities in T cell responses.

The role of endogenous lymphokines in T cell activation has also been evaluat-

ed in Dr. Richard Hodes' laboratory. The proliferative responses of type 2 T

helper clones are inhibited by antibody specific for the lymphokine interleukin

4 (IL4), which is produced by these clones. This demonstrates that IL4 acts as

an autocrine growth factor for these T cells. In addition, mRNA levels

corresponding to a number of activation genes are inhibited by the presence of

anti-IL4 antibody during T cell activation. In contrast, the level of IL4 mRNA

actually increases in the presence of this antibody, suggesting that

endogenously produced IL4 may normally down regulate its own steady state mRNA
levels.

Studies of T lymphocyte responses in HIAT asymptomatic individuals by Dr. Gene
Shearer indicate that approximately 50% of these patients exhibit selective
CD4"'" T helper cell functional defects without any AIDS symptoms and without
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loss of CD4 cell ntunbers. A defect of antigen-presenting cell (APC) function
was not observed in any such asjrmptomatic individuals. Many patients in
various stages of disease exhibited a selective loss of CDA T helper function
but retained CDA" T helper function to HLA alloantigens. The results of this
study: a) permit the detection of three stages of T helper dysfunction not
previously defined by AIDS diagnostic tests; b) do not implicate an APC defect
early in disease progression; and c) provide evidence for an alternate (CDA"*") T
helper pathway that may be utilized for developing immunotherapy strategies in
HIV^ patients.

Cell Biology of Immune Responses

Dr. Stephen Shaw's laboratory has been identifying and characterizing the
functions of cell surface molecules which facilitate T cell recognition
("accessory molecules"), particularly those which mediate adhesion. The
functional role of ICAM-1, previously characterized as a cell surface ligand
for LFA-l, has been studied not only in T cell adhesion but also as a cos-
timulus for T cell activation. Its capacity to facilitate CD3-receptor
mediated activation, together with other aspects of its regulation and func-
tion, suggest that it may be one of the most important "second signals" for T
cell activation. Studies of other accessory molecules have identified CDAA as

an additional member of the functionally important class of molecules involved
both in T cell adhesion and activation. Studies of T cell/monocyte adhesion
are characterizing the molecular basis of this immunologically important cell
interaction.

Studies on the mechanism of lymphocyte-mediated cytotoxicity in Dr. Pierre
Henkart's laboratory have shown that red blood cells are killed by both cloned
cytotoxic T lymphocytes and helper T cells when linked to these cells by their
T cell receptor. This cytotoxicity appears to operate by the same mechanism as

the killing of more complex nucleated targets. Secretory granule proteases
play an important role in mediating target cell DNA breakdown during killing by
cytotoxic T lymphocytes (CTL). Recent studies showed that cytotoxicity
mediated by purified granules from CTL or natural killer cells is accompanied
by target DNA breakdown, and that this appears to require both cytolysin and
another granule component. This component has been purified by assaying DNA
release from detergent- isolated nuclei. In CTL granules this activity is

identical to the previously described serine protease granzyme A. The
mechanism by which this protease causes DNA breakdown is currently under
investigation

.

Transplantation Biology

A number of observations have suggested that host lymphocytes, specifically
cytotoxic T cells (CTL), may play a significant role in mediating allogeneic
marrow graft rejection. Using a murine model system, it was found that: 1) a

cloned CTL population was sufficient to reject an allogeneic marrow graft; and
2) the mechanism by which these marrow grafts were rejected was specific for
MHC gene products expressed by the donor marrow and corresponded to the
cytotoxic specificity of the clone. One approach to inhibit such graft
rejection by CTL is by in vivo administration of monoclonal antibodies with
specificity for CTL surface antigens. Administration of anti-CD3 to mice
results in T cell activation within hours of administration and produces
extramedullary hematopoiesis in the spleen. In considering the use of anti-CD3
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results indicate that it may be beneficial to time the injection of allogeneic
marrow so that it is present during the period of T cell activation induced by
the antibody in order to provide the possible benefit of factors which stimu-
late hematopoiesis.

Studies in murine marrow chimeras have suggested that MHC mismatched marrow
transplantation is associated with immunoincompetence of the T cell arm of the
immune response. However, recent studies in a rhesus monkey model imply that
the generation of T cells in marrow grafted primates may not be the same as in
the mouse. Such differences would potentially have important implications for
the transplantation of HLA-mismatched marrow in man.

In theory, in vivo allografts could either be destroyed by an antigen-non-
specific lymphokine mechanism or by antigen-specific T-effector cells that
assessed each individual cell in the graft for expression of alloantigens. To
distinguish these mechanisms. Dr. Alfred Singer's laboratory constructed
allophenic mice and assessed the antigen-specificity of the effector limb of
the in vivo rejection response. These studies revealed that the effector
mechanism of in vivo allograft rejection is highly antigen-specific, destroying
cells expressing alloantigens but sparing cells within the graft that do not.

Somewhat surprisingly. Dr. Singer's laboratory found a similar degree of
antigen-specificity for la-restricted CDA"*" T-effector cells, even though most
of the epidermal cells within a skin allograft are MHC class II negative. It
is likely from these findings that la" keratinocytes are induced to express la
determinants during the in vivo rejection response, making them targets for la-
restricted T-effector cells.

Graft-versus-host disease (GvHD) is dependent in its generation on the presence
of immune competent T cells in the donor marrow with specificity for allogeneic
antigens of the host. One approach to preventing GvHD is the removal of these
T cells from the marrow inoculum. Monoclonal antibodies with specificity for
cell surface antigens expressed by human T cells have been used in Dr. Ronald
Gress' laboratory to deplete normal T cells from allogeneic marrow and to remove
malignant T cells from autologous marrow. A clinical protocol has been
developed to assess the feasibility of utilizing these marrows in the treatment
of aggressive T cell malignancies in combination with marrow ablative chemo-
therapy and radiotherapy.

Structure, Regulation and Function of Genes Involved in the Immune Response

Studies carried out in Dr. Dinah Singer's laboratory demonstrated that the
swine class I MHC multigene family contains only seven members, and as such is

the smallest known class I family. Recent studies have been aimed at the
characterization of the structure, expression, and function of this family.
Physical mapping has established that all of the genes are linked and resident
within 500 kb. Determination of the DNA sequences of five members of the
family have shown that the sequence organization of the class I SLA genes is
similar to that of other class I genes in other species. Despite the small
size of the family, three sub-groups of genes can be discerned based on their
sequence homologies. Analysis of class I cDNA clones has established the exon
organization of the genes, as well as their expression. Only four class I

genes appear to be expressed in vivo. The three sub-groups defined by DNA
sequence also display discrete patterns of expression. Thus, the genes of one
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monoclonal antibody to enhance the engraftment of allogeneic marrow, these
results indicate that it may be beneficial to time the injection of allogeneic
marrow so that it is present during the period of T cell activation induced by
the antibody in order to provide the possible benefit of factors which stimu-
late hematopoiesis.

Studies in murine marrow chimeras have suggested that MHC mismatched marrow
transplantation is associated with immunoincompetence of the T cell arm of the
immune response. However, recent studies in a rhesus monkey model imply that
the generation of T cells in marrow grafted primates may not be the same as in

the mouse. Such differences would potentially have important implications for
the transplantation of HLA-mismatched marrow in man.

In theory, in vivo allografts could either be destroyed by an antigen-non-
specific lymphokine mechanism or by antigen-specific T-effector cells that
assessed each individual cell in the graft for expression of alloantigens. To

distinguish these mechanisms, Dr. Alfred Singer's laboratory constructed
allophenic mice and assessed the antigen-specificity of the effector limb of

the in vivo rejection response. These studies revealed that the effector
mechanism of in vivo allograft rejection is highly antigen-specific, destroying
cells expressing alloantigens but sparing cells within the graft that do not.

Somewhat surprisingly. Dr. Singer's laboratory found a similar degree of

antigen-specificity for la-restricted CD4 T-effector cells, even though most
of the epidermal cells within a skin allograft are MHC class II negative. It

is likely from these findings that Ia~ keratinocytes are induced to express la

determinants during the in vivo rejection response, making them targets for la-

restricted T-effector cells.

Graft-versus-host disease (GvHD) is dependent in its generation on the presence
of immune competent T cells in the donor marrow with specificity for allogeneic
antigens of the host. One approach to preventing GvHD is the removal of these
T cells from the marrow inoculum. Monoclonal antibodies with specificity for
cell surface antigens expressed by human T cells have been used in Dr. Ronald
Gress ' laboratory to deplete normal T cells from allogeneic marrow and to remove
malignant T cells from autologous marrow. A clinical protocol has been
developed to assess the feasibility of utilizing these marrows in the treatment
of aggressive T cell malignancies in combination with marrow ablative chemo-
therapy and radiotherapy.

Structure, Regulation and Function of Genes Involved in the Immune Response

Studies carried out in Dr. Dinah Singer's laboratory have demonstrated that the
swine class I MHC multigene family contains only seven members, and as such is

the smallest known class I family. Recent studies have been aimed at the
characterization of the structure, expression, and function of this family.

Physical mapping has established that all of the genes are linked and resident
within 500 kb. Determination of the DNA sequences of five members of the
family have shown that the sequence organization of the class I SLA genes is

similar to that of other class I genes in other species. Despite the small
size of the family, three sub-groups of genes can be discerned based on their
sequence homologies. Analysis of class I cDNA clones has established the exon
organization of the genes, as well as their expression. Only four class I
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genes appear to be expressed in vivo. The three sub-groups defined by DNA
sequence also display discrete patterns of expression. Thus, the genes of one
sub-group are expressed ubiquitously, although their quantitative levels vary.
A second sub-group defines a differentiation antigen. A third sub-group does
not appear to be expressed at all.

Transgenic mice containing isolated swine class I genes have been developed as
a model for investigating the molecular basis for the differential patterns of
MHC gene expression. For one gene, encoding a classical transplantation
antigen, it has been demonstrated that the pattern of expression of the swine
gene in the transgenic parallels that observed in situ. Transgenics containing
three other class I gene constructs have been generated.

Dr. Dinah Singer's laboratory has also initiated studies to characterize DNA
sequence elements and cognate trans acting factors associated with class I MHC
genes. Although the molecular mechanisms by which the regulatory elements and
their factor function is not known, the current data suggest a model in which
the negative and positive regulatory elements each define an independent
binding site.

Class I MHC gene expression is known to be induced by immunomodulators

.

Recent studies have not only demonstrated the ability of a foreign class I gene
in a transgenic mouse to respond to interferon, but have mapped the interferon
responsive element.

LABORATORY OF CELL BIOLOGY

A major emphasis in the Laboratory of Cell Biology, directed by Dr. Lloyd Law,
is the identification and characterization of tumor specific transplantation
antigens. Dr. Law and his colleagues demonstrated that the 3-

methylcholanthrene- induced murine fibrosarcoma, Meth A, displays at least three
different tumor-specific transplantation antigens (TSTA). One of these is an
82-kDa cytosolic protein that is also present in nontransformed cells. Another
is a 96-kDa glucose-regulated protein. The third TSTA is a mixture of two heat
shock proteins, designated HSP84 and HSP86. HSP84 and HSP86 are coded for by
separate, but related, genes. Full-length cDNA clones have been isolated and
their nucleotide sequences determined. The HSP structural gene has been
mapped to a location near the major histocompatibility complex (MHC) class I

region on chromosome 17. The HSP84 gene was sequenced and comprises ap-
proximately 6 kb of DNA. It is interrupted by 10 intervening sequences. The
promoter contains structural features similar to those found in certain
housekeeping genes. The genomic sequence of the HSP8A gene from nontransformed
parental strain shows no differences in the deduced amino acid sequence
compared with Meth A. Six other members of the HSP84 family were characterized
and found to be processed pseudogenes having 70-80% homology to HSP84 cDNA.
The HSP86 family consists of a structural gene and two highly homologous
processed pseudogenes. These genes were assigned to chromosomes 12, 11, and 3.

The HSP86 pseudogenes apparently arose more recently than those of the HSP84
family. Comparison of the HSP86 cDNA from the parental and other strains of
mice has been performed for nearly the complete molecule. No nucleotide
changes that would lead to amino differences have been observed. The manner in
which HSP84/86 acts as a TSTA therefore remains an enigma. The tumor-specific
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SUMMARY REPORT

LABORATORY OF GENETICS, DCBD, NCI

October 1, 1988 through September 30, 1989

The major focus of the work in the Laboratory of Genetics is on B cell
tumor development in mice, with particular emphasis on the plasmacytoma system.
In addition, there are projects on studying the structural basis of antibody-
protein antigen interactions by Dr. Smith-Gill. Dr. Coon continues his work on
searching for the specificity of receptors in olfactory epithelium.

Plasmacvtomagenesis

The BALB/c mouse is uniquely susceptible to plasmacytoma development fol-
lowing the intraperitoneal injection of pristane or other paraffin oils. We
are attempting to identify genes that determine resistance (R) and suscepti-
bility (S) . Two genes have been tentatively identified through linkage
association: Pctr-1 (chr 4) and Pctr-3 (chr 17) . We have been unable to confirm
Pctr-2 . We have constructed a congenic strain BALB/c .D2- Fv-1 that carries
Pctr-1 . After 19 backcrosses this mouse develops only less than 20% plasma-
cytomas. We are attempting to localize Pctr-1 using a 3-factor cross but have
not been able to find a marker closer than 30 cM. Much of the effort is directed
to finding a closely linked gene.

Beverly Mock has continued to identify a plasmacytoma resistance gene that
controls plasmacytoma development induced by a combination of pristane and RIM
virus (the virus that contains a mvc oncogene and v-Ha-ras ) . She has found
that the BALB/c.D2- Dag mouse is as resistant as the DBA- 2 parent to RIM/pristane
induction. She has also shown the BALB/c. D2 -Dag mouse carries an additional
DBA/2 gene, MMTV-13, that is not linked to Ly-6 (chr 15). A C.D2 Ly-6 congenic
is susceptible to both pristane and pristane/RIM induced plasmacytomagenesis

.

She has screened 25 markers for linkage to this R/S gene. Her laboratory has
developed libraries of mouse chrs 4 and 15 and is developing new markers on
chromosomes 4 and 15 for this purpose. Since BALC/c.D2- Dag is a congenic mouse,
this is an important new direction.

We, in collaboration with Dr. Ulf Rapp's laboratory, have continued our
studies on the role of the raf-1 oncogene in plaraacytomagenesis and have found
that the J3 virus, which contains a mutant and defective raf gene and a v-myc
gene does not transform plasma cells. However, when this virus is passaged, it
acquires plasmacytomagenic activity by correcting the frameshift mutation in
v-raf . This work opens up a new area because this virus undergoes further
mutational change in acquiring plasmacytomagenic activity.

We have continued to search for genes that cooperate with c-myc in plasma-
cytomagenesis and still have not been able to implicate members of the ras gene
family (K. Huppi) . Myc is apparently activated indirectly by the reciprocal
translocations of rcpt(6;15). In man the activation of myc is thought to be
mediated by base substitution mutations in c-myc . We have attempted to find
out if similar mutations occur in the mouse. This work has not progressed in
the mouse because of the unavailability of the 5 prime UT region of the c-myc



gene. This region has now been cloned by J. Shaughnessy and K. Huppi. Further,

the myc genes from plasmacytoma, ABPC-22, which has no translocation, have been

cloned, and one allele contains an unidentified insertion. The evidence

indicates there are base substitution mutations in myc in the rcpt(6;15)

translocations

.

In experiments with L. Byrd (graduate student) we have found that the

BALB/cAnN nu/+ mice that have been conventionalized in our colony are suscept-

ible to plasmacytoma induction by pristane. This result has indicated that the

specific pathogen- free status of BALB/cAn mice inhibits plasmacytoma induction.

We are attempting to determine the mechanism of immunological experiences with

various infections in rendering mice susceptible.

Drs . Shacter and Janz have been working on the mechanism of pristane

action in plasraacytomagenesis . Much of this work has been impeded at the

biochemical level because it has not been possible to introduce pristane into

cells. Drs. Janz and Shacter have found a way to solubulize pristane so that

it can be taken into cells. This is accomplished by making inclusion complexes

between beta-cyclodextrin and pristane. Interestingly, beta-cyclodextrin/

pristane inclusion complexes are biologically active.

Myeloid Tumors

Linda Wolff has continued her work on the induction of monoblastic tximors

by the injection of Moloney virus in pristane-conditioned mice. She has shown

that the virus must be injected intravenously and, further, that these txomors

can be prevented by treating mice with indomethacin. She has just shown that

splenectomy can inhibit myeloid tumor development. Her current work is

directed to studying the role of prostaglandins in this process.

The Moloney virus inserts into the c-mvb oncogene in virtually all of the

monoblastic tumors. During the past year Dr. Shen-Ong has focused on the

characterization of the protein products of the normal c-myb (75 kd) and tumor-

specific truncated myb (70 kd) in murine cells and have generated an antiserum

that specifically recognizes the novel myb isoforms (85 kd) that are generated

by an alternative splicing event. We have also identified human cDNA clones

that encode different C- terminus truncated forms of myb . We would like to find

out the function(s) of the different forms of myb and have made various retro-

viral myb constructs to address this issue.

Studies in Dr. Ruscetti's section have concentrated on understanding the

mechanisms by which the spleen focus -forming virus abrogates the erythropoietin

dependence of erythroid cells and causes erythroleukemia. Their data indicate

that the transmembrane portion of the viral envelope glycoprotein is responsible

for conferring factor- independence on erythroid cells and that the mechanism
does not involve factor production or an increase in the number or affinity of

membrane receptors. Dr. Ruscetti's section has also made progress in under-

standing the molecular basis for the resistance of certain strains of mice to

erythroleukemia induced by Friend MuLV. Their data suggest that resistant mice

carry a unique provirus that encodes an envelope glycoprotein that blocks the

spread of mink cell focus -forming viruses in these mice. Mice carrying this

provirus also have a greatly reduced susceptibility to thymomas induced by
Moloney MuLV.



Antibody Protein Interactions

In order to define the structural basis of molecular recognition in

protein-protein interactions, we have analyzed in detail the antibody antigen
interface of monoclonal antibodies specific for the defined protein lysozyme.,

focusing on two antibodies for which the X-ray structures of the Fab: lysozyme
complexes have been determined (the second, HyHEL-10, within the past year) in

collaboration with Dr. David Davies (LMB, DIR, NIDDK) . The effects of specific
amino acid residues on specificity have been examined by cloning, expressing,

and performing site-directed mutagenesis on the rearranged HyHEL-10 genes, and
by site directed mutagenesis of cloned and expressed lysozyme genes. These two

mutagenic approaches have produced unexpected results indicating nonadditive
and long-range interactions, and are raising provocative questions concerning
the nature of specificity and its relation to the biology and regulation of

the immune response

.

Studies on Olfactory Epithelium

Dr. Coon's studies on rat olfactory epithelium have resulted in one publi-
cation (PNAS) and one abstract (AChera) . We are attempting to mine the vein
provided by the SNIP cell lines and to produce new and possibly better ones.

We are looking at changes in differentiation markers as SNIP- 11 differentiates
after shift to serum- free medium; new markers are VIMENTIN and intermediate
neuro- filaments in differentiated SNIF-11.
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A. Genetics of Susceptibility to Plasmacytoma Induction , (with B. Mock, K. Huppi)

We continue to develop BALB/cAn. DBA/2 congenic strains of mice to determine
the number and location of genes of DBA/2 origin that reduce the incidence of

plasmacytomas. Last year we had identified three resistance genes: Pctr-1
(distal chr 4 linked to Fv-1 . ANF and Rep-2 ) : Pctr-2 (chr 15 linked to Ly-6 ) and

Pctr-3 (chr 17 linked to Qa-2 ) . We have completed the testing of the C.D2- Fv-1

at N20 and found it to be even resistant than when last tested at NIO.

The identification of Pctr-2 was based on the finding that BALB/c-DAG
carries Lv-6 on chr 15. These mice were derived after 14 backcrosses in

another laboratory and they proved to be partially resistant to plasmacytoma
induction. B. Mock has recently discovered that our BALB/c-DAG is segregating
the MMTV-13 gene on chr 4. In the meantime we backcrossed the Ly-6 gene from
DAG onto BALB/cAn for two generations and tested the new congenic BALB/cAn. D2-

Lv-6 and found that it was much more susceptible to plasmacytoma induction
nearing levels seen in BALB/cAn. Thus the resistance previously noted for the

DAG mouse was due to the MMTV-13 linked gene, in all probability Pctr-1 . Since

the DAG mouse was developed using antisera rather than DNA probes it may be

possible that the Pctr-1 gene may be associated with cell surface markers and
this may facilitate finding this gene.

Our work is continuing to fine structure map the location of the Pctr-1
gene on chromosome 4. We have been hampered by the lack of polymorphic markers
in the 30 cM stretch between ANF and MMTV-13, but recently two possible candidate
genes are being evaluated, Akp and jun. We will attempt to locate Pctr-1 between
ANF and any one of these markers then derive recombinants and test for plasma-

cytoma susceptibility. This work progresses very slowly because of the extensive

amount of time required for the breeding and to test for plasmacytoma suscep-
tibility.

Plasmacytoma Induction in nu/nu Mice, Role of Environmental Conditions, (with

Linda Byrd, graduate student)

In initial studies it was found that BALB/cAnN- nu/nu mice obtained from
C. Reader and originally bred at NIH by C. Hansen were resistant to plasmacytoma
induction. Surprisingly so were BALB/cAnN nu/+ mice. In both situations the

mice were maintained in pathogen free conditions. The BALB/cAn nu/+ mice were
conventionalized in our colony and then reevaluated for susceptibility and it

was found that they were now susceptible to plasmacytoma induction. While this

result did not resolve the role of T cells in plasmacytomagenesis it has clearly
demonstrated that the conventional microenvironment with the stimulus of a

microbial flora and various viral infections is essential for tuning the immune
system. We are now generating the reverse experiment by deriving a pathogen
free BALB/cAnPt mouse and the induction studies with this should be under way
this summer.

Rapid Induction of Plasmacytomas with Retroviruses and Pristane

Plasmacytomas can be induced rapidly in pristane conditioned BALB/cAn mice
that are infected with various types of transforming retroviruses. Last year we
described the powerful plasmacytomagenic action of RIM virus that contains Efx-VLyc
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and V-Ha-ras. This virus can induce plasmacytomas in between 80 to 100% of

mice given near sub-plasmacytomagenic doses of pristane (i.e. 0.2ml). Most ot

the tumors arise between 40 and 80 days and secrete IgM paraproteins. Dr. Marcu

is preparing a new set of oncogenes for testing in this system.

Three years ago in experiments with Ulf Rapp we found that the J3 virus

which contained a deleted raf gene and an avain v-myc under the control of viral

LTRs induced plasmacytomas in pristane conditioned mice. In contrast the J2

virus which contained a complete v-raf-1 and v-myc induced the formation of

myeloid tumors . We were not able to explain this result but have continued to

study this problem. We have now gone back and had all of the virus preparations

made in Ulf Rapp's laboratory by J. Troppmair. Surprisingly true J3 is only

weakly if at all plasmacytomagenic . The plasmacytomagenic variant of this

virus used in the experiments described in the Science paper has been passaged

in vitro. It was hypothesized that J3 mutated in vitro. The J3 variant called

J3 has now been sequenced by Troppmair and found to have undergone a second

deletion that has restored the reading from of the remaining part of the raf

gene which contains the minimal transforming unit of the raf ser/thr kinase.

In addition we have found that Y7 which contains A- raf + v-myc is also highly

transforming. The reason for failure of J2 to transform plasma cells may be

due to powerful action of the raf gene in J2. J2 is known to produce different

types of transformed colonies than J3 and to transcribe smaller amounts of its

raf genes . We have found evidence of other types of plasmacytomagenic recom-

binant viruses containing only v-myc genes which are currently being studied

with great interest.

The induction of plasmacytomas in pristane conditioned mice by genes that

cooperate with v-myc or E/i-myc presents a powerful tool for testing a great

variety of oncogenes for their ability to cooperate with dysregulated myc genes.

We are now attempting to construct as many viruses as possible to test which

kinases are active and which are not. This should facilitate defining the signal

transduction pathways that are essential for transforming plasma cells.

B. Biochemistry of Induction of Plasmacytomagenesis - E. Shacter

The work has been directed mainly at identifying the carcinogenic agents

that cause pristane- induced plasmacytomagenesis in BALB/cAn mice and at determining

the biological activity of pristane. We have followed two main lines of inquiry:

1) Study the possible involvement of pristane-elicited phagocytes in promo-

ting plasmacytomagenesis. Inflammatory neutrophils and macrophages comprise the

major cell type in the oil granuloma and in the free peritoneal space for several
months following the injection of pristane. Our working hypothesis is that thses

phagocytes, which lies in close proximity to infiltrating plasma cells, generate
free radicals that can cause potentially mutagenic DNA damage in neighboring cells.

2) Determine whether pristane may have some direct tumor-promoting effect
on B lymphocytes. Pristane is a branched chain alkane for which no mammalian
metabolic pathways or genotoxic activities are known. Still, it is possible that

a low level of uptake and/or metabolism of pristane in normal B lymphocytes could
alter the growth potential of the cells or could lead to formation of low levels
of carcinogenic agents. In order to examine this possibility, studies were carried
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out to test for metabolism of pristane in the oil granuloma and to determine

whether pristane may have any direct effects on the growth and viability of

B lymphocytes.

Major Findings:

1. We have established an in vitro model system to study formation and

repair of DNA damage induced by pristane-elicited neutrophils (Shacter et al.,

1988). Our finding that neutrophil- induced damage was repaired more slowly than

HoOo- induced damage suggested that induction of damage by activated neutrophils
may be complex in nature and that this may contribute to the putative mutagenic
potential of these cells. To test this hypothesis, experiments were carried out

to determine which products of the oxidative burst are responsible for causing
DNA damage and to determine whether components of the extracellular environment
may participate in the damage process. It was found that exogenous agents, nota-

bly histidine, other amino acids, and metals interact with reactive compounds

secreted by neutrophils to enhance the level of damage induced in neighboring
tumor cells. The results suggest that secondary reactions such as site- specific

radical formation may mediate neutrophil- induced damage, and they reveal that

although secretion of H2O2 is central to the mechanism whereby neutrophils
induce damage, this oxidant alone does not account for all of the DNA damaging
capacity of these phagocytes (Shacter et al., submitted). Future experiments

will involve measuring oxidative damage in the oil granuloma.

2. (a) Pristane is completely immiscible with aqueous solutions and hence
cannot be brought in contact with cells under normal in vitro cell culture condi-

tions. Together with Siegfried Janz, we prepared artifical vehicles (liposome

vesicles ,/3cyclodextrin inclusion complexes) to introduce pristane to cells.

It was consistently found that pristane is cytotoxic to B lymphocytes at rela-

tively low levels (>100 /xM) but that it has a small growth promoting effect
(H37thymidine incorporation) at a narrow range of sub-toxic levels (-25 ^M)

.

(b) In collaboration with Drs . T. Jones and H. Fales (NHLBI) , we extracted
oil granuloma and peritoneal lavage samples and carried out GC/MS analysis to

look for metabolites of pristane. None were detected.

(c) In collaboration with Drs. A. Herrmann and R. Blumenthal (NCI), we have

found that pristane enhances fusion of enveloped viruses with erythrocyte cell

membranes

.

The possible implications of these results for plasmacytomagenesis will be

examined in future experiments

.

C. The Genetic Control of Plasmacytomagenesis - B. Mock

I. Pristane -Induced (PCTs)

Our basic approach has been to generate a series of F2 and backcross
progeny from susceptible (BALB/c) and resistant (DBA/2) strains of mice which
have been typed for the formation of plasma cell tumors. DNAs will be made
from susceptible individuals and subjected to Southern analysis in an attempt
to obtain markers closely linked to the susceptibility/resistance loci.
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So far, 500 (CxD) F2 progeny have been typed for susceptibility to

pristane- induced PCTs . Only 6 progeny (equivalent to 12 meiotic events) were
susceptiblie , indicating an incidence of PCT formation consistent with a 3

gene model of plasmacytoma susceptibility. DNAs have been isolated from the

susceptible F2's and southern analysis has been performed for ca. 26 markers
to examine the extent of cosegregation between the susceptible phenotype and
BALB/c alleles for the markers. To date, the lowest recombination frequencies
have occured with If

a

on chr 4, d on chr 9 and Sparc on chr 11.

The significance of these linkage analyses have been hampered by the low
number of susceptible F2 progeny. As a result, we have generated an additional
300 backcross progeny and are currently in the process of typing these mice
for PCT susceptibility. This induction study should be completed by August
1990, at which time, additional mice can be included in the linkage analyses.

In conjunction with these studies, we have collected and analyzed a

large panel of probes for restriction fragment length polymorphisms (RFLPs)

upon hybridization with BALB/cAn and DBA/2 DNAs. Our goal is obtain a minimum
of 3 equally spaced markers/chromosome to insure a high probability of linkage
when used in segregation analyses

.

Previous studies (by M. Potter) involving C.D2 bilineal congenic strains,

have indicated the existence of three Pctr genes in the BALB/c -DBA/2 model
system, as indicated by studies in C.D2 congenic mice. These genes have been
identified as follows: Pctr-1 (linked to Fv-1 on chr 4), Pctr-2 (linked to

Ly-6 (DAG) on chr 15) and Pctr-3 (linked to Qa-2 on chr 17).

Recent molecular analyses of C.D2-Dag mice have shown that they not only
carry the DBA/2 allele of Lv-6 on chr 15, but that they also carry the DBA/2
allele for MMTV-13 on chr 4. These results raise the possibility that what
has previously been referred to as Pctr-2 is in fact the same gene as Pctr-1 .

The mounting evidence for Pctr-1 on chromosome 4 has lead us to generate
a chromosome 4 specific library from a somatic cell hybrid known to carry
mouse chromosome 4. We have purified approximately 70 random clones from
this library and are in the process of mapping them in an effort to obtain
markers most closely linked to the disease locus.

In addition, numerous attempts to find RFLPs between BALB/c and DBA/2
from hybridization with chromosome 17 markers have resulted in identifying
only one marker (Qa-2 ) . Similar to the approach outlined above, I have gener-
ated a chromosome 17 specific library from a somatic cell hybrid line and
plan to begin screening this library for additional clones in the near future.

II. Pristane & RIM- induced PCTs

We utilized the phenotypic differences between BALB/c and DBA/2 mice to tumor
formation in examining the genetics of susceptibility to RIM- induced plasmacytoma-
genesis. RIM is a retroviral construct containing an immunoglobulin enhancer and
promoter driven c-myc gene and a Moloney MuLV-LTR driven V-Ha- ras gene. Over the
course of 6 separate induction studies, by day 120, 92% (n=83) of the BALB/c and
10% (n=75) of the DBA/2 mice developed PCTs. In addition, 85% (n=58) of the CxD
Fl mice developed tumors, indicating that susceptibility is dominant with this
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induction scheme. Interestingly, 48% (n=244) of the backcross progeny between
BALB/c and DBA/2 mice were susceptible to PCT formation, indicating that a single
gene is likely to control the development of RIM- induced PCTs in BALB/cAn mice

(x ,=0.51, p=0.5, i.e. no significant deviation from 50% susceptible: 50%
resistant expected for a single gene model) . Linkage analysis involving 20 of
these backcross progeny for RFLPs associated with PCT^ and PCT^ mice, have not
revealed significant linkage to ca. 20 markers. An additional 180 DNAs have
recently been included in our panel of progeny and will be subjected to extensive
Southern analysis in an effort to identify the chromosomal location of this
susceptibility locus. Analysis of three C.D2 congenic strains have indicated
that the Fv-1 and Lv6 loci on chromosomes 4 and 15 are not involved in pristane
and RIM- induced susceptibility. Interestingly, the C D2- Dag congenic is rela-
tively resistant to pristane and RIM- induced PCTs. We are currently pursuing a

detailed genetic profile of these mice in an effort to define the extent of DBA/2
chromatin in this congenic.

Publications

Mock BA, Wax J, Clynes R, Marcu K. and Potter M. The genetics of suscepti-
bility to RIM- induced plasmacytomagenesis . Curr Topics Microbiol and Immunol
1988;141:125-127.

Mock BA and Potter M. A molecular characterization of BALB/c congenic C.D2- Idh-
1^, Lsh^, Rep -

1

^ Pep -3^ mice. Curr Topics Microbiol and Immunol 1988; 137:

295-300.

Mock B, Brown SDM, Janeway C, Morse III C, and Potter M. From phenotype to

gene: A molecular analysis of complex loci involved in developmental and
immunological dysregulation. Curr Topics Microbiol Immunol 1988;137:329-335.

Co -Edited Book: Genetics of Immunological Diseases . Ed. by B. Mock and M.

Potter. Curr Top Microbiol Immunol 137 (1988), Springer-Verlag.

Mock BA and Nacy CA. Hormonal modulation of sex differences in resistance to

systemic infection with Leishmania major . Infection and Immunity 1988 ; 56 : 3316-

3319.

Huppi K, Mock BA, Schricker P, D'Hoostelaere LA, and Potter M. Organization of
the distal end of mouse chromosome 4. Curr Top Microbiol Immunol 1988; 137:

276-288.

Huppi K, Mock B, Hilgers J, Kochan J and Kinet JP. Receptors Fc7 and Fee are
clustered on mouse chromosome 1. J Immunol 1988;141:2807-2810.

Byrd L, Potter, M, Mock B, and Huppi K. The effect of the nude gene on plasma-
cytoma development in BALB/cAn mice. Curr Top Microbiol Immunol 1988; 137:268-75.

Potter M, Sanford KK, Parshad R, Huppi K, and Mock B. Susceptibility and resis-
tance to plasmacytomagenesis: possible role of genes that modify efficiency of
chromatin repair. Curr Top Microbiol Immunol 1988;137:289-294.



ZOl CB 05596-20 LGN

Potter M, Sanford KK, Parshad R, Tarone RE, Price FM, Mock B, and Huppi
K. Genes on chromosome 1 and 4 in themouse are associated with repair of
radiation- induced chromatin damage. Genomic 1988;2:257-252.

D'Hoostelaere LA, Huppi K, Mock B, Mallett C, Gibson D, Hilgers J, and
Potter M. The organization of the immunoglobulin kappa locus in mice. Curr
Top Microbiol Immunol 1988;137:116-129.

Seldin MF, D'Hoostelaere LA, Huppi K, Mock BA, Steinberg AD, Parnes JR, and
Morse III HC. Mapping of the LY-4 (L3T4) T cell differentiation antigen on
mouse chromosome 5 by the use of restriction fragment length polymorphisms
in an interspecific cross. Immunogenetics 1988; 27: 396-

D'Hoostelaere lA, Huppi K, Mock B, Mallett C, and Potter M. The immuno-
globulin kappa light chain allelic groups among the Ipk haplotypes and Igk
crossover population suggest a gene order. J Immunol 141:652-61.

Shacter E, Stadtman ER, Jurgensen SR, Chock PB. Role of cAMP in cyclic cascade
regulation. Math Enyzmol 1988;159:3-19.

Shacter E, Beecham EJ , Covey JM, Kohn KW, Potter M. Activated neutrophils
induce prolonged DNA damage in neigboring cells. Carcinogenesis 1988 ;9: 2297-

304.

10



DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl CB 08727-12 LGN

PERIOD COVERED

October 1, 1988 to September 30, 1989
TITLE OF PROJECT ^80 characters or /ess. Title must tit on one line between ttte txyders.)

Organization and control of genetic material in plasmacytomas
PRINCIPAL INVESTIGATOR (List other prolessiortal personnet betow the Phnapel Investigator.) (Name, title. latMratory. and institute altiliation)

P.I. J.F. Mushinski
G.L.C. Shen-Ong
K. Huppi
H. Mischak
A. McDonald

Medical Director LGN, NCI
Senior Staff Fellow LGN, NCI
Staff Fellow LGN, NCI
Guest Researcher LGN, NCI
IRTA LGN, NCI

COOPERATING UNITS (il any)

U. Rapp, FCRC, Frederick, MD; H.C. Morse, III, LVD, NIAID; F.D. Finkelman,
Dept. of Medicine, USUHS : R. Eisenman, Hutchinson Cancer Center, Seattle,
WA; M. Smulson, Georgetown University, Washington, D.C.

LAB/BRANCH

Laboratory of Genetics
SECTION

Oncogene
INSTITUTE AND LOCATION

NCI, NIH, Bethesda, MD 20892
TOTAL MAN-YEARS: PROFESSIONAL: OTHER:

4

CHECK APPROPRIATE 80X(ES)

D (a) Human subjects

D (a1) Minors

n (a2) Interviews

D (b) Human tissues (c) Neither

B
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Che overall goal of this research is to study the activation of particular genes in
diseased and normal cells in order to understand which genes may play important
roles in the development of malignancies, autoimmune diseases and normal differen-
tiation. The immune system has been chosen as the central focus of this research,
and we have concentrated on the expression of "oncogenes," especially myc . mvb .

ras . raf abl, rel and bcl-2 . as well as immunoglobulin and T cell receptor genes.
To this end we have been studying ttunors that are regularly induced in BALB/cAnN
nice by intraperitoneal injections of alkane mineral oils, such as pristane. These
tumors represent immortalized lines of B lymphocytes or myeloid cells at different
stages of differentiation which can be studied to learn how the genes involved in
nyeloid and B-cell carcinogenesis are organized and regulated. The deregulated
expression of the mvc oncogene has been clearly shown to be essential to the induc-
tion of plasma cell tumors, but the biochemical mechanisms responsible for this
deregulation are still being elucidated. It is likely that other genes must also
be activated to complete the neoplastic transformation. The ras family of oncogenes
is a likely candidate, but we now have evidence that mutations in these genes are
uncommon in plasmacytomas and lymphosarcomas. The mvb gene is activated in certain
virus -induced myeloid malignancies by insertion of a virus within the coding region
The effects on the protein products of altered forms of c- mvb gene are being identi
fied with specific anti-n^ib antisera, and alternative splicing of an extra coding
exon has been found in normal and malignant cells. The putative proto-oncogene

,

bcl-2
.
appears to be expressed in a differentiation stage-specific manner in seve-

ral different hematopoietic systems. We are testing whether overexpression of
fc'cl-2 in mice is sufficient to induce tumors, and whether it can complement c- myc
in tumorigenesis

. Proto- oncogenes that have protein kinase activity are also
under study in retroviral expressions vectors for their ability to induce hemato-
poietic tumors in mice.
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Major Findings :

Gene expression (J.F. Mushinski)

a. Expression of oncogenes in normal and neoplastic B- lymphocytes

.

We

found that expression of the nuclear oncogenes c

-

myc . c-myb and c- fos . was high-

est in tumors of pre-B Ijrmphocytes and that it diminished in tumors of more
mature B cells. The opposite was found for expression of Ha- ras . A unique
pattern of expression was found for bcl-2 in that very early progenitor B cells

(Pro B cells) such as HAFTL-1 and HAFTL-3 and very late plasmablasts and plasma-
cytomas contained no bcl-2 mRNA, while pre B and mature B cells did contain bcl-

2 transcripts. HAFTL-1 and HAFTL-3 can acquire many characteristics of myeloid
cells, and this phenotypic change is accompanied by the onset of expression of

bcl-2 Model systems of other hematopoietic cells are being studied to see

whether bcl-2 is frequently down regulated when these and other cell types are

induced to differentiate. Mouse erythroleukemia cells differentiate into hemo-
globinproducing cells following exposure to DMSO. This differentiation is

accompanied by cessation of bcl-2 expression. Myeloid cell lines on the other
hand sometimes increase and sometimes decrease expression of bcl-2 when differ-
entiation is induced by various agents

.

b

.

Increased v-myc expression can induce murine lymphoid and myeloid
tumors. Constitutive expression of c- myc is a consistent finding in pristane-
primed BALB/c plasmacytomas and is usually a consequence of chromosomal trans-
location involving the c-myc locus. The requirement for the translocation can
be replaced by retroviruses that express v- myc or c-myc . which verifies the

essential role myc expression plays in induction of such tumors. Myeloid tumors
are also induced by myc retroviral constructs. Careful study of DNA from
successive generations of several myeloid and B- lymphocytic tumors induced by
Jl, J2 , J3 and J5 viruses which contain different combinations of v- myc and/or
v-raf indicates that these two oncogenes act synergistically to induce tumors
rapidly and occasionally multiple tumors at the same time. Viruses expressing
only v- myc generally induce only myeloid tumors. Viruses expressing myc plus
raf commonly induce B lymphoid neoplasms, which suggests a synergistic comple-
mentation of two proto-oncogenes in lymphocytic neoplasia. We (with U. Rapp)
are searching for mutant viruses in these cell lines. We (with H. Mischak) are

constructing new retroviruses which express both myc and protein kinase genes
in order to study other possible oncogene synergies in B-cell neoplasia.

c. Mutations and Control of c-myc expression. Deregulation of myc expres-
sion appears to be one of the key elements in plasmacytomagenesis , and up regu-
lation of c-myc expression is well known to accompany stimulation of cell growth.
Thus control of c- myc expression in normal and neoplastic cells continues to be
a major interest. Sequence studies of the c-myc gene in two plasmacytomas,
TEPC1165 and TEPC2027, which contain unusually high levels of c-myc mRNA, have
revealed hitherto undetected point mutations in myc intron 1 in these two tumors,
so we (with K. Huppi) are now widening our DNA sequencing study of c- myc to look
for mutations in this gene in other plasma cell tumors, including some with no
karyologic abnormalities.

Virus -mediated or transgenically- induced myc overexpression appears to be
able to bypass some of the resistance to pristane- induced plasmacytomagenesis in
non-BALB/c mice. Thus the myc locus of BALB/c or the proteins that interact with
it must be important in conferring on this strain its unique susceptibility to
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plasmacytoma induction. Thus we (with A. McDonald) have also undertaken to

clone and sequence the exons and flanking regions of the normal BALB/c , BALB/
Jax and DBA/2 genes. We also will characterize and compare the nuclear
proteins that interact with structural and regulatory regions of this gene in

the susceptible and resistant strains.

d. Non-homolgous recombination generates IgD-secreting plasma cells. Hybri-
domas (generated by F.D. Finkelman) secrete abundant antibodies of the IgD

subtype. We have discovered that all of such cell lines have deleted the C/x

gene. Thus despite the absence of a switch 5 region, heavy chain switching
can occur normally using a recorabinational mechanism. We are determining the

precise locations of the recombination in all these cell lines by cloning and
sequencing.

Study of mvb protooncogene (Grace Shen-Ong)

We have previously identified a group of Abelson virus -induced myeloid
tumors (ABMLs) which carries a disrupted mvb allele as a result of integration
of the helper Moloney murine leukemia virus (M-MuLV) . cDNA cloning and sequenc-

ing analyses showed that 71 amino acids of the 5' coding sequences were removed
in mRNAs transcribed from the disrupted allele. The open reading frame of

these cDNAs predict the synthesis of a smaller tumor- specific mvb protein.
One of the ABML cDNA clones contains an additional in- frame internal mvb exon,

termed E6A, that is spliced out of the most abundant form of c-myb mRNA. The

presence of the E6A sequences should cause the synthesis a myb isoform that

is 10 kilodaltons larger than the major form of mvb protein.

In order to test these predictions, we (with Robert Eisenman) used mvb -

specific antibodies to immunoprecipitate all the c-myb proteins from normal
mouse thymocytes and tumor cells. The predicted major 75kd c- myb and an 85kd

c- myb protein species containing E6A sequences were identified in cells that
have normal c-myb loci. In ABML cells with a c- myb allele which was truncated
at the 5' end by proviral insertion, two truncated myb proteins [a 70kd
(lacking E6A) and a BOkd species (containing E6A) ] were identified. We have
developed rabbit antisera against bacterially expressed E6A sequences which
recognize only the E6A- containing myb isoforms. All the different forms of

myb were found to be localized in the cell nuclei, to have rapid turnover
rates (-20min) , and to be expressed throughout the cell cycle.

In order to determine whether the above-mentioned details of mouse mvb
expression of E6A can be generalized to other species, we (with J.F. Mushinski)
have isolated E6A-containing mvb clones from human cDNA libraries. RNase
mapping studies revealed that this alternative form of mvb is present in all
human cells that express myb . Comparison of the murine and the human E6A
sequences shows that this exon is similar but somewhat divergent between the

two species.

We have also found another common alternative splicing event that can
result in the production of a 3' truncated form of human c- myb protein.
Elucidation of the regulation of expression of the structurally distinct myb
protein isoforms should contribute to our understanding of the involvement of
this gene in hematopoietic differentiation and tumorigenesis

.
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Genetic Variation in B lymphocytic tumors (Konrad Huppl)

.

Several lines of evidence indicate that more than one genes are involved
in the transformation of mouse plasmacytomas (as outlined above) . Since chromo-
somal translocation which relocates the c- mvc to an Ig locus is a fundamental
characteristic of most mouse plasma cell tumors, c- mvc must be one of these
genes. Several oncogenes are known to be capable of cooperating with c-myc in
the transformation process in vitro. Among these are the ras family genes which
have been shown to be mutated frequently in exon 1 (codons 12 &13) or exon 2

(codons 59-61) in many human or rodent solid tumors. We have surveyed the mouse
plasmacytomas for evidence of somatic mutation of Kras, Hras or Nras genes by
Southern hybridization restriction analysis or by direct cloning and sequencing
of genomic or PCRamplified fragments. The results of this survey reveal that
ras mutations in mouse B cell tumors appear to be rare. However, a mutated Kras
gene has been identified in the plasmacytoma TEPC 1174. This mutation is located
at residue 23 and involves a Leucine to Arginine substitution. An NIH/3T3 assay
of DNA from mouse plasmacytomas (with V. Notario, Georgetown University) reveals
significant transformation capability for TEPC 1174. We conclude that the muta-
tion at codon 23 of Kras results in a novel transforming phenotype.

One of the major mechanisms in the acquisition of mutations is thought to

be loss of fidelity in DNA repair. We have determined that two regions, proximal
chromosome 1 and distal chromosome 4, carry genes which are involved in efficient
DNA repair in the mouse. These studies have led us to examine genes involved in
the DNA repair process which map to these regions. Human poly (ADP-ribose)
polymerase (ADPRP) is an automodification enzyme with DNA binding properties
which is stimulated by DNA strand breaks. We (with M. Smulson) have cloned and
sequenced cDNA and genomic DNAs for the mouse ADPRP structural gene. We have
found close genetic association between the mouse ADPRP locus on mouse chromosome
1 and the generalized lymphadenopathy disease or gld locus associated with mouse
autoimmunity. We (with D. Klinman, NINCDS) are investigating whether the gld
mutation is, in fact, a mutation in ADPRP associated with defective DNA repair.

Publications

:

Bauer SR, Piechacqyk M, Nordan RP , Owens JD, Nepveu A, Marcu KB and Mushinski JF.

Altered mvc gene transcription and intron- induced stabilization of myc RNAs in
two mouse plasmacytomas. Oncogene 1989;4:411-18.

Leiter EH, Le, PH, Prochazka M, Worthern SM, Huppi K. Genetic and Environ-
mental Control of Diabetes Inductin by Multi-dose Streptozotocin in two BALB/c
substrains. Diabetes Research 1988;9:5-10.

Potter M, Sanford KK, Parshad R, Tarone RE, Price FM, Mock BA, Huppi K. Genes
on Chromosomes 1 and 4 in the Mouse are associated with Repair of Radiation-
induced chromatin damage. Genomics 1988;2:257-62.

D'Hoostleare LA, Huppi K, Mock BA, Mallett C, Potter M, The Igk
L chain allelic groups among the Igk haplotypes and Igk crossover populations
suggest a gene order. J Immunol 1988;141:652-61.

14



ZOl CB 08727-12 LGN
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linked on mouse chromosome 1. J Immunol 1988;141:2807-810.
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loid tumorigenesis and alternative splicing in normal development.
Curr Top Microbiol Immunol. Edited by GLC Shen-Ong, M Potter and NG Copeland
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Sneller MC, Kunimoto DY, Mushinski JF and Strober W: Molecular studies of the
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Mushinski JF: c-myc oncogene activation and chromosome translocation in BALB/c
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1988;181-222.
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and Davidson WF: Expression of the murine proto- oncogene bcl-2 is stage specific
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Distal end of Mouse Chromosome 4. Curr Topics in Micro and Immunol 1988;
137:276-88.
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1. IL-6 has been identified as a cytokine involved in a number of biological
activities including the differentiation of lymphocytes. We have demonstrated,
using IL-6 specific antisera, that this factor is absolutely required for pri-
mary, antigen specific B-cell responses while secondary responses are IL-6 inde-
pendent. Analysis of a series of Th-1 type T-helper clones revealed a qualita-
tive difference in their ability to provide help in terms of antibody secretion.
Clones producing IL-6 were able to support both primary and secondary responses
while clones lacking IL-6 could support only secondary responses. These clones
could help primary responses if IL-6 was added exogenously indicating that this
lymphokine provides a critical functional difference in terms of the ability of
different T-cell subpopulations to support antibody responses.

2. Gene inactivation studies based on homologous recombination in embryonal
stem (ES) cells have been initiated. ES cells have been obtained and are cur-
rently being introduced into recipient blastocysts to generate chimeric animals
as a test of the pluri-potency of the cell line. Two genes, the immunoglobulin
Ck. constant region andthe la alpha chain, have been selected for initial studies.
Both have been inactivated by cloning the neomycin resistance gene into an expres
sed exon. Inactivated genes are currently being introduced into ES cells follow-
ing which the cells will be tested for homolgous recombination events. Assuming
positive results are obtained, ES cells with inactivated genes will be used to
attempt the production of corresponding chimeric animals.
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A. Cell Growth and Differentiation

In the preceding annual report, *e described the initiation of experiments
to study genes controlling cell growth and differentiation. The major effort
of the laboratory has continued in this direction and individual projects are
sunmiarized below.

1. We have previously characterized a macrophage derived factor, XL- 6, required
for in vitro growth of a number of murine plasmacytomas. The role of this cyto-
kine in normal B-cell and thymocyte differentiation has been investigated during
the course of this year. Initial observations that IL-6 is absolutely required
for primary antigen specific B-cell responses, but secondary B-cell responses
are IL-6 independent have been confirmed.

The source of IL-6 in these responses has been analyzed by characterization
of a series of antigen specific T helper clones. T helper clones are classified
as to type based on the particular lymphokines produced. A survey of a large
group of such clones specific for the antigen used in these studies (the hema-
gluttinin of influenza) revealed that all were of the Th-1 type. However, among
these, differences were observed in the ability to secrete IL-6 permitting a

further subdivision of this category of helper clones. In functional assays
employing representative members, it was found that clones which secreted IL-6
were capable of providing help for both primary and secondary responses. How-
ever, clones which did not secrete IL-6 could help only secondary responses.
Addition of exogenous IL-6 restored the ability of these clones to help primary
responses indicating that IL-6 was the critical molecule providing the functional
difference between the two helper clones. Additional studies are currently
underway to determine whether IL-6 has a similar role in T independent responses.

One of the major aims of this project has been the production of monoclonal
antibodies to the active site of IL-6. The reagents are required to perform
in vivo studies to elucidate mechanisms of plasmacytoma generation and growth
as well as potential IL-6 involvement in wasting syndromes resulting from tumor
therapy regimens with such agents as TNF. Antibodies will be used in attempts
to inhibit both plasmacytoma induction and transplantation as we believe IL-6
is a critical molecule in both processes. These same antibodies will be used
in tumor rejection models to determine whether modulation of observed high IL-6
levels proves therapeutically beneficial. To date, a number of IL-6 specific
monoclonal antibodies have been produced by immunization with purified or
recombinant material. None of these inhibits biological activity and are thus
unsuitable for the proposed experiments. As an alternative approach, peptides
have been synthesized corresponding to the region we believe to include the
active site. Polyclonal antibodies are being made to these peptides to determine
if the antibodies produced will inhibit biological activity. If a positive
result is obtained, these peptides will be used to further attempt the pre-
paration of site specific monoclonal antibodies for use in the above described
studies

.

2. A second system being developed to assess function of genes believed
to be involved in regulation employs the use of homologous recombination in
embryonic stem (ES) cells to inactivate particular genes being studied. It
has been demonstrated that pluri-potential ES cells can be manipulated in cul-
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ture and then re- introduced into blastocysts to give rise to normal offspring.
The approach being taken is to inactivate a given gene by cloning a disrupting
sequence into one or the exons and to then replace the normal counterpart by
homologous recombination.

To facilitate experimentation, we have arbitrarily divided the system
into two parts with the first being the embryo and animal work and the second
the cell and molecular biology. In animal experiments, we have been able to

isolate and re-implant 8-cell stage blastocysts with resulting live births.

Currently, isolated blastocysts are being injected with ES cells obtained
from Oliver Smithies to determine whether we can actually generate germ line

chimeras. On the cell and molecular biology side, two genes, the immunoglobulin
kappa chain constant region (Ck) and the la alpha chain, have been selected for

study. Constructs have been made of both in which the gene is inactivated by
cloning the neomycin resistance gene into one of the exons. ES cells have been
successfully grown in culture and conditions established for electroporation.
The constructs are now being introduced into these cells following which the

cells will be analyzed for homologous recombination. Successful completion
of this stage will permit us to then proceed with the introduction of ES cells
containing inactivated genes into blastocysts to attempt to generate animals
with inactivated genes for biological studies.

3. A third approach to identifying novel genes involved in cell growth
and differentiation consists of the construction of subtractive cDNA libraries
between cells representing different ontological stages of the same lineage.
Attempts to induce differentiation of clonal B-cell lines have been largely
unsuccessfull , although in one case a pre-B line has been induced to differ-
entiate into mature macrophages (see below under Wendy Davidson) . We have
therefore resorted to the construction of cDNA libraries from unrelated B-cell
lines. The major effort in this project over the last year has been to techni-

cally optimize the experimental system in an effort to obtain lower frequency
messages. This goal has been achieved and the first subtraction using a pre-B
and mature B cell as the parental types has been performed. Based on the

results from this library, additional cell lines representing intermediate
stages of development will be included to generate a more complete picture of

gene expression in this lineage.

Publications

Davidson WF, Pierce JH, Rudikoff S, Morse HC III. Relationships between B cell
and myeloid differentiation: studies with a B lymphocyte progenitor line,

HAFTL-1. J Exp Med 1988;168:389-407.

Singer DS , Hare J, Golding H, Flaherty L, Rudikoff S. Identification and
characteriztion of a new sub -family of class I genes in the H-2 complex of the
mouse. Immunogenetics 1988;28:13-21.

Osbourne BA, Golde TE , Schwartz RL, Rudikoff S. Evolution of the IgA heavy
chain gene in the genus Mus . Genetics 1988;119:925-31.

Rudikoff S. Antibodies to /3(1 , 6) -D-galactan: Proteins, idiotypes , and genes.
Immunol Rev 1988;105:97-111.
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Mock BA, Nordan RP, Justice MJ , Kozak C, Jenkins NA, Copeland NG, Clark S,

Wong G, Rudikoff S. The murine XL- 6 gene maps to the proximal regions of
chromosome 5. J Immunol 1989;142:1372-376.

Rubin JS, Osada H, Finch PW, Taylor WG, Rudikoff S and Aaronson SA. Identifi-
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cells. PNAS 1989;86:802-06.

Katagama Y, Gottesman S, Pumphrey J, Rudikoff S, Clark WP, Maurizi MR. The
two -component, ATP-dependent Clp protease of Escherichia coli-purification,
cloning, and mutational analysis of the ATP-binding component. J Biol Chem
1988;263:15226-36.

Nordan RP, Mock BA, Neckers LM, Rudikoff S. The role of plasmacytoma growth
factor in the in vitro responses of murine plasmacytoma cells. Ann NY Acad
Sci 1989;557:200-05.

Mcintosh JK, Mul JJ , Jablons DM, Nordan RP, Rudikoff S, Lotze MT, Rosenberg
SA. The kinetics of interleukin-6 induction by the systemic administration
of rh TNF-a in mice. Ann NY Acad Sci 1989;557:572-575.

Plaut M, Pierce JH, Watson CJ , Hanley-Hyde J, Nordan RP, Paul WE. Mast cell
lines produce lymphokines in response to cross linkage of FceRI or to
calcium ionophores . Nature 1989;339:64-67.
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It is the purpose of this project to analyze and develop new and difficult
systems for cell culture. We are now pursuing intensively a single cell system:

culture of cells from the neonatal rat olfactory epithelium (OLFE) . Our progress
with the OLFE has been sufficiently exciting during the past year that it has
merited our full attention. Using complex media and substrates we have succeeded
in culturing several cell types from the OLFE. The mixed, mass cultures of these
cells provide an appropriate conditioned medium that has permitted the isolation
of >20 clonal cell strains from 3rd to 6th passage cultures. We have shown that
several of our cloned cell lines have sensitive (submicromolar) and selective
(different response patterns in each line) odorant- dependent second messenger
responses (both cAMP and Ca""""") . This fact, coupled with our demonstration that
these same cell strains are positive for neuron- specific enolase, GAP43 , as well
as carnosine and camosine synthetase, now establish that we have right cell type
in culture. We have continued the hybridoma screen using OLFE as antigen and
fluorescent anti-mouse IgG staining of frozen sections of OLFE for selection.
Development of this system would make available the first mammalian neuroblast to

neuron cell culture system and provide a means to study the growth and differen-
tiation dichotomy common to all blast cell systems. It is hoped that basic issues
in olfactory sensory physiology can be explored with this system.
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Major Findings :

Much of the time in the early part of the year was spent in getting data
and figures together for our paper describing the SNIF cell lines. Since that
was submitted, we have tried to follow 3 lines of approach to advancing the
project: 1) Dr. R. Swerdlow is characterizing the appearance and disappearance
of known markers in SNIF-11 during "step-down" as they change from rapid cell
division in protein rich medium (4506) to quiescent and apparently differ-
entiating neuroblasts in plain, protein free medium (DMEM) . His goal is to
identify a developmental series showing developmental regulation as this nearly
unique cell system differentiates in vitro. 2) Dr. Coon and Drs . A. Mancini
and A. DeGrassi are trying to develop fresh isolates of the SNIF cell series
for biochemical investigation of the characteristics of newly isolated cells
in vitro as opposed to the long term cell lines that we isolated in the spring
of 1986. 3) We are currently starting experiments designed to find out whether
evidences of pluropotentiality seen in our cell lines in vitro can be confirmed
in vitro. This project is being done in collaboration with Dr. Scott Freeman
(from W. French Anderson's lab, NHLBI MH) and Drs. P.P.C Graziadei and G.A.
Monti Graziadei, Florida State University, Tallahassee. This report consists
of a brief description of the findings to date for these three projects.

1) The finding that blastematic cells (specifically the murine neuroblastoma
C-1300) may cease dividing and proceed to commence differentiation when "stepped-
down" from serxim containing medium to serum free medium is not new (see citation
in our PNAS paper below). The method has been exploited in PC-12 cells as well,
except that nerve growth factor has to be included in the serum free medidum.
Using SNIF-11, the cell strain that shows step-down most dramatically, we have
found neuron specific enolase. Gap 43 (a marker of growing axon terminals),
carnosine (a putative neural transmitter in the olfactory system) and carnosine
synthetase activity. We have not found: olfactory marker protein, light neuro-
filaments (68 kD) , synaptophysin or tyrosine hydroxlase, the latter two perhaps
not surprisingly. Medium neurofilaments have been shown by immunohistochemistry
and until "western blot analysis" is complete must be considered inconclusive.
There is also preliminary evidence that the fos gene product is present. n-myc
(found in human neuroblastomata) will be sought, as well as a range of newly
available olfactory specific transduction molecules: the G i^ recently described
by Drs. Randy Reed at Hopkins and Dr. Doron Lancet at the Weizmann, as well as
an olfactory specific adenylyl cyclase (ACq-i j) . These investigators have
agreed to supply probes and some antibodies. Dr. Lancet will be spending the
next year at NIH and is also interested in collaborating in characterizing the
olfactory cytochrome p450 and uridine diphosphate glucuronyl transferase that
he has been working on recently.

The finding that NGF has an effect on stepped-down SNIF cells (longer and
more elaborated processes) is interesting and possibly important. Dr. Swerdlow
has been characterizing the effects of NGF and other factors that we have found
in the past year to effect the differentiation process in SNIF-11. The other
factors are IL-6 and bFGF. Either IL-6 or bFGF are sufficient when added in
nanogram quantities to cause cell division to proceed in otherwise protein free
DMEM. Dr. DeGrassi, who found the IL-6 response, is particularly interested in
further exploring the fascinating connection between factors and markers in the
immune system and the nervous system using our olfactory meuroblast cell lines.
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2) The effort to develop new cell strains of the SNIF cell type has

proven difficult and filled with bad luck and disappointments. At this writing
we are encouraged by a group of clones growing in 50% conditioned medium. The

long process of isolating these and their subsequent characterization over the

next year is a necessary, time consuming and tedious part of this whole project.

3) In a past report we alluded to the fact that some of our cloned cell

lines from the rat olfactory epithelium were able to produce cartilage, muscle,

fat cells, glial fibrillary acidic protein (a glial cell marker) as well as the

neuron marker, neuron specific enolase. This surprising result made the

cultures, which we thought were derived from the stem cell population of "basal"

cells in the olfactory epithelium, appear to be like F9 or other embryonal
carcinoma cells in culture or like the result of treating lOTl/2 cells with 5-

azacytidine pluripotent cells. The olfactory stem cells and perhaps other
stem cell populations could be much more multipotential than heretofore imagined.

The suggestion is that the olfactory stem cells make whatever their local

environment specifies. Perhaps nose cells would make retinal cells in the eye

or gut cells in the crypts? Perhaps the strategy of the nervous system is to

produce first a "generic neuron" and then to further differentiate it according
to its location in the CNS as a whole. Such a notion is also inherent in work
with grafts in the CNS performed over the years by the Graziadeis. Hence, we

will try to put these notions to a critical test by labelling the cultured
cells or the in vivo "basal" cells with a defective retrovirus carrying beta-

galactosidase . The progeny of a successfully infected cell will be identifiable

uniquely by histocytochemistry which will reveal cells in sections carrying
this nonmammalian enzyme. The Graziadeis have many years of experience with
such grafts and their location by stereotaxis. Dr. Coon has the cells and
experience with making grafts from cell cultures for evaluation of differentiated
function (e.g., thyroid and parathyroid) as well as ample experience with the

somatic cell genetic procedures. The constructs will come from Dr. Freeman.

Publications :

Coon HG, Curcio F, Sakaguchi K, Brandi ML, Swerdlow RD. Cell cultures of
neuroblasts from rat olfactory epithelium that show odorant responses. Proc Natl

Acad Sci USA 1989;86:1703-7.
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SUMMARY OF WORK (Use standanj unreduced fype. Do not exceed the space provided.)

Protein-protein interactions underlying molecular recognition are studied
using monoclonal antibodies directed against the model protein antigen, lysozyme
c (HEL)

.
The X-ray structures of two Fab-HEL complexes for 2 of these antibodies

(HH5 and HHIO) have been refined, and we are now studying in detail the molecular
mechanisms underlying specificity and affinity in protein-protein interactions.
Site -specific mutants of an expressed cDNA clone of HEL have shown that the same
substitution in adjacent contact residues can have dramatically different effects
on antibody (HH5) binding, results that are directly relevant to understanding
"escape" mutants arising from antigenic drift. Site-directed mutants of expres-
sed HHIO genes have shown that: (1) somatic mutation can alter fine specificity
as well as affinity

; (2) long-range interactions can signficantly influence,
molecular recognition, (3) antibodies can be multispecific; (4) antigen-specific
antibodies may recognize an antigen multivalently. The development of specificity
for HEL from an apparently multispecific available antibody repertoire is currentlj
being examined in detail utilizing large panels of hybridoma antibodies. The
HEL- induced response is characterized by the absence of IgM HEL- reactive precursor
cells are recruited into the IgG compartment very early. It is also possible
that multispecific B-cells may be precursors for antigen-specific clones.
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Project Description :

We have continued to place major emphasis on investigating molecular
recognition, utilizing antibodies (mAbs) specific for the protein hen egg white
lysozyme (HEL) as a model system for defining the protein-protein interactions
underlying antibody recognition of a protein antigen, and the development of

such specificity from an apparently raultispecific IgM repertoire. We are now
in a unique position of being able to manipulate through site specific muta-

genesis both antigen and antibodies of two complexes whose X-ray structures
have been determined. These results provide a model for studies utilizing mAbs
to probe structure -function relationships of other biologically important regula-

tory proteins (such as the protein product of the oncogene c - myc ) whose structure
and function are less well defined.

1 . The molecular basis of antibody specificity for a protein antigen

HyHEL-5 is a highly specific mAb in which electrostatic interactions
contribute a significant portion of the binding energy. We originally were
able to identify ArgGSj^g^ ^^ critical residue in the epitope recognized by

HyHEL-5. The recently refined X-ray structure of the HyHEL-5 Fab: HEL complex
confirmed this prediction, and revealed that both ArgSS^^gj^ and A.rg45j^gj^

form salt links with Glu residues from the antibody heavy chain. Site specific
mutants of HEL were produced in the laboratories of A.C Wilson and J.F. Kirsch
(Department of Biochemistry, University of California, Berkeley). Binding
studies with these mutant lysozymes indicated a significant quantitative differ-
ence between the energetic contribution of the 2 Argj^g-^ residues to the

antibody: HEL interaction. The R68j^£-[^ - K substitution lowered affinity by
almost 10 , while the R^5j^£l "* ^ substitution lowered affinity only by a

factor of 10.

The results with HyHEL-5 are directly relevant to understanding viral
"escape" mutants, for R -+ K substitutions in two adjacent contact residues have
dramatically different effects on antibody binding; a substitution such as

R68^£L "* K which reduces antibody affinity by approximately 10 might be
sufficient to escape neutralization, while the smaller quantitative effect of

the R'^Sjjgj^ - K substitution probably would not. We are continuing detailed
analyses of these interactions utilizing several interrelated approaches: (i)

free energy calculations (being done by J. Novotny and colleagues, Squibb Insti-

tute for Medical Research; (ii) free energy measurements by microcalorimetry , in

collaboration with D. Davies and colleagues (NIDDKD)
;

(iii) structural (Xray
crystallography) studies on mutant complexes, in collaboration with D. Davies
and S. Scheriff (Squibb); (iv) site specific mutagenesis of HyHEL5 rearranged
genes, which we are in the precess of cloning, in collaboration with A.B. Hartman
(Walter Reed Army Medical Center); (v) comparative structure -function studies
with other antibodies recognizing the same epitope, including X-ray crystallo-
graphy. A. Newman and C. Mallett have recently partially characterized several
other mAbs from BALB/c mice immunized with HEL that appear to be sensitive to the

R58ugT-> K replacement found in bobwhite quail lysozyme (i.e., low binding to

bobwhite quail but not to other quail lysozymes) that also appear to be of lower
affinity than HyHEL-5.
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The seriologically-defined epitopes recognized by the structurally related
mAbs HyHEL-8 and -10 are very similar, and the affinities of the two antibodies
are comparable. However, while HyHEL-10 is very sensitive to a variety of amino
acid substitutions in HEL, HyHEL-8 is relatively insensitive to the same sub-

stitutions. In addition, they are structurally related to the IgAK DNP-binding
myeloma protein, XRPC-25. T. Lavoie has cloned and expressed the genomic rear-

ranged heavy and light chain genes for HyHEL-10 and has produced a series of

oligonucleotide-directed mutants. Analysis of these mutant antibodies has
yielded the following conclusions, some unexpected and novel: (i) somatic
mutation can dramatically alter antibody affinity : (ii) somatic mutation can
alter fine specificity (i.e., ability to cross-react with altered antigen) with-

out significantly altering affinity; (iii) point mutations in antibody residues
that do not contact antigen can significantly affect antigen recognition, i.e.,

long range interactions can significantly influence function; (iv) antibodies
can be multispecific . i.e., can specifically recognize more than one structurally
unrelated antigen; (v) an antigen-specific antibody may recognize the antigen
multivalently . i.e., may recognize more than one epitope on a protein antigen.

An understanding of the structural bases of these binding properties is essential
to the design of recombinant antibodies or of vaccines which would elicit natural
antibodies with specificity properties that are minimally subject to the loss of

neutralizing activity due to mutation of the target.

In addition, a comparison of serological data with the HyHEL-10 X-ray
structure has presented several apparent dilenunas ; serological mapping was less

accurate in predicting the epitope recognized by the antibody HyHEL-10 than it

was for HyHEL-5. In particular, non- overlapping (by competition assays) anti-

bodies appear to recognize the same amino acid residues, and non-contact HEL
residues appear to significantly influence binding. These results again point
to the significance of long-range interactions .

We are continuing analysis of these interactions using several approaches:
(i) production of additional site-specific mutants of both antibody and antigen;

(ii) structural studies on HyHEL-8, as well as several other antibodies with
related specificities (in collaboration with S. Sheriff); (iii) modeling and
structural studies designed to identify the "second site" seen by antibodies
which recognize HEL multivalently. C. Mallett has recently characterized several
new mAbs which recognize epitopes near or overlapping that of HyHEL-10 which
will be very valuable in analyzing the indicated possible long-range interactions.

2 . Development of specificity repertoires and regulation of the immune
response

In order to document the genesis of specificity from an apparently poly-
reactive preimmune repertoire, C. Mallett has produced a panel of over 400
BALB/c hybridomas representing the course of the immune response to HEL. An
unexpected finding was that in the HEL-immunized hybridomas, not a single IgM
mAb was monospecific for HEL at any point of the immune response. Conversely,
there were IgM antibodies that were specific for other antigens, including
"rheumatoid factors" specific for IgG. In addition, polyreactive IgM mAbs were
derived from all of the immunization schedules and in most instances the frequency
was similar to IgM hybridomas derived from blasts or naturally activated spleen
cells. HEL-specific IgG antibodies, on the other hand, were derived from all
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but one of the immunization schedules. Furthermore; a high frequency of poly-
reactive IgG mAbs which react with apparently unrelated antigens were recovered
from HEL- immunized mice. An additional unexpected finding was that a signifi-
cant number of HEL-specific IgG antibodies appeared to recognize HEL as a multi-
valent antigen.

Analysis of a panel of over 500 hybridomas , derived from polyclonally
activated and unstimulated (naturally activated) spleen cells by P. Rousseau,
revealed that HEL-specific precursors do exist in the available preimmune reper-
toire. Although monospecific precursor cells are rare, monospecific IgM precur-
sors as well as raultireactive HEL-binding blast-derived hybridomas were found
at frequencies comparable to other protein antigens in the panel. Over half
of the hybridomas from polyclonally activated adult splenic B cells produced IgM
antibodies that were antigen reactive, and of these over half reacted with 5 or
more structurally dissimilar complex antigens, including HEL. Naturally acti-
vated IgM antibodies include a population which closely reflects the specificity
characteristics of the available repertoire, including HEL-reactive antibodies.
Thus, the absence of HEL-reactive primary response IgM antibodies cannot be
attributed to an absence of available precursors, and most likely reflects an
early recruitment of HELreactive clones into the peripheral B cell pool. Our
results also suggest the possibility that multireactive as well as monospecific
HEL-reactive B cells are recruited into the IgG peripheral B cell pool very
early in the course of the immune response, and that polyreactive B cells may
serve as precursors for some HEL-specific IgG antibodies. We are currently
undertaking detailed structural and functional analysis of selected antibodies
from these panels.

Publications :

Goodenow CC, Crosbie J, Adelstein S, Lavoie TB, Smith-Gill SJ , Brink RA, Prit-
chard-Briscoe H, Wotherspoon J, Loblay RH, Trent RJ , Basten A. Altered immuno-
globulin expression and functional silencing of self-reactive B Ijonphocytes in
transgenic mice. Nature 1988;334:676-82.

Clynes R, Wax J, Stanton LW, Smith-Gill SJ , Potter M, Marcu K. Rapid induction
of IgM secreting murine plasmacytomas by pristane and an IgH promoter-enhancer
driven c- myc/V-Ha- Ras retrovirus. Proc Natl Acad Sci USA 1988;85:6067-71.

Seibel NL, Smith-Gill S, Hollis GF, Kirsch, IR. Detection of genes of interest
in tissues and cells by in situ hybridization. J Virol Meth 1988;21:171-7.

Hartman AB, Mallett CP, Srinivasappa J, Prabhakar BS , Notkins AL, Smith-Gill SJ

.

Organ reactive autoantibodies from nonimmunized adult BALB/c mice are polyreactive
and express nonbiased V^^ gene usage. Mol Immunol 1989;26:359-70.

Lavoie TB , Kam-Morgan LNW, Saroff DG , Hartman AB, Mallett CP, Sheriff S, Mainhart
OR, Hamel PA, Kirsch JF, Wilson AC, Smith-Gill SJ . Structure -function relation-
ships in high affinity anti-lysozyme antibodies. In: Smith-Gill SJ , Sercarz E,

eds. The Immune Response to Structurally Defined Proteins: The Lysozyme Model.
Adenine Press, 1989; 151-68.
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repertoire during the development of the immune reponse to hen lysozyme . In:
Smith-Gill SJ , Sercarz E, eds . The Immune Response to Structurally Defined
Proteins: The Lysozyme Model. Adenine Press, 1989; 353 -68.

Davies DR, Sheriff S, Padlan E, Silverton EW, Cohen GH, Smith-Gill SJ . Three-
dimensional structures of two Fab complexes with lysozyme. In: Smith-Gill SJ

,

Sercarz E, eds. The Immune Response to Structurally Defined Proteins: The
Lysozyme Model. Adenine Press, 1989; 125 -32.

Goodenow CC, Crosbie J, Adelstein S, Lavoie TB, Smith-Gill SJ , Brink RA,
Pritchard-Briscoe H, Wotherspoon JS, Loblay RH, Raphael K, Basten A.

Immunological tolerance in lysozyme -anti -lysozyme mice. In: Smith-Gill SJ

,

Sercarz E, eds. The Immune Response to Structurally Defined Proteins: The
Lysozyme Model. Adenine Press, 1989 ; 389-402

.

Kastner DL, Mclntyre TM, Mallett CP, Hartman AB, Steinberg AD. Studies of the
murine immunoglobulin V^^ repertoire by in situ hybridization in unstimulated
spleen cells. In: Smith-Gill SJ , Sercarz E, eds. The Immune Response to

Structurally Defined Proteins: The Lysozjmie Model. Adenine Press, 1989 ; 291-
301.

D'Hoostelaere LA, Mallett CP, Huppi K. The immunoglobulin kappa light chain
(Igk-V) gene organization in the mouse. In: Smith-Gill SJ , Sercarz E, eds. The
Immune Response to Structurally Defined Proteins: The Lysozyme Model. Adenine
Press, 1989;303-13.

Smith-Gill S, Sercarz E, eds: The Immune Response to Structurally Defined
Proteins: The Lysozyme Model. Adenine Press, 1989, Schenectedy NY, 416 p.

Janis LJ, Grott A, Smith-Gill SJ , Regnier FE. Iimnunological- chromatographic
analysis of lysozyme variants. J Chromatog 1989; in press.

Padlan EA, Silverton EA, Sheriff S, Cohen GH, Smith-Gill SJ , Davies DR.
Structure of an antibody: antigen complex: Crystal structure of the HyHEL-10
Fab: Lysozyme complex. Proc Natl Acad Sci USA 1989; in press.

Lavoie TB, Kam-Morgan LNW, Mallett CP, Schilling JW, 'Prager EM, Wilson AC,
Smith-Gill SJ . Analysis of antibody-protein interactions utilizing site-
directed mutagenesis and a new evolutionary variant of lysozyme. In: Laver WG,
Air GM, eds. The Use of X-ray Crystallography in the Design of Anti-viral
Agents. Academic Press, 1989; in press.

Potter M, Smith-Gill SJ . Physiology of immunoglobulins. In: Oppenheim J,

Shevach E, eds. Textbook of Immunophysiology. Oxford Press, 1989; in press.
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SUMMARY OF WORK (Use standard unreduced lype. Do not exceed the space provided.)

Studies have been aimed at trying to understand the mechanisms by which murine
leukemia viruses induce erythroid transformation and to understand why some
strains of mice are resistant to one or more stages of the malignant process.

Studies on the acute erythro leukemia -inducing spleen focus-forming virus (SFFV)

have concentrated on understanding how this virus abrogates the erythropoietin
(Epo) requirement of erythroid cells. The unique envelope glycoprotein encoded
by SFFV has been shown to be responsible for this biological effect and we now
show using molecular recombinants between variants of SFFV that sequences present
in the transmembrane domain of the viral envelope glycoprotein are essential for
rendering the cells Epo -independent. Studies designed to understand the mechanism
by which SFFV alters the Epo requirements of erythroid cells should be aided by
our recent observation that an Epo-dependent erythroleukemia cell line can be
rendered Epo -independent by infection with SFFV. As previously shown with spleen
cells from SFFV- infected mice, the induction of factor- independence in these cells
by SFFV does not appear to involve a classical autocrine mechanism involving Epo.

The factor- independent cells, however, eventually acquire the ability to produce a

unique growth factor that may contribute to their growth. Using the Epo-dependent
erythroleukemia cell line and its SFFV- infected counterpart, we can find no evi-

dence of induction of protein tyrosine phosphorylation by either Epo or SFFV.

Studies on the genetics of susceptibility to erythroleukemia induced by Friend
MuLV continue to concentrate on the Rmcf locus, which encodes or regulates the
expression of an MCF-related envelope glycoprotein. Our recent data indicate that
this protein may be encoded by a modified polytropic provirus that is present
in Rmcf^ mice but not Rmcf^ mice. In other studies, we show that the Rmcf gene
also effects susceptibility to the thymic lymphoma induced by Moloney MuLV.
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Major Findings :

I. The transmembrane domain of the envelope protein of the polycythemia-
inducing strain of SFFV determines Epo- independent growth.

Erythroid cells from mice infected with the polycythemia- inducing
strain of SFFV (SFFVp) , unlike normal erythroid cells, can proliferate and
differentiate in the apparent absence of the erythroid hormone erythropoietin
(Epo) , The unique envelope glycoprotein encoded by SFFV has been shown to be
responsbile for this biological effect. Using env -gene recombinants between
variants of SFFV, we have shown that a 120 bp region at the 3' end of the env
gene of SFFVp must be present in order for the virus to render cells Epo-
independent. Since the 120 bp fragment encodes the entire pl5E- related hydro-
phobic transmembrane region of the envelope glycoprotein, this suggests that
minor differences in the membrane anchoring portion of the protein might be
critical in determining Epo responsiveness. Our data also indicate that the
transmembrane region of the SFFVp envelope protein is not just serving an an-

cillary function related to subcellular localization as previously suggested,
since a correlation no longer exists between the level of expression of the
envelope glycoprotein at the cell surface and the Epo dependence of these
cells. These results indicate that the transmembrane region of the SFFVp
envelope glycoprotein is playing a critical role in mediating the effects of
the virus on erythroid cells.

II. SFFVp induces factor -independent growth and tumorigenicity in an Epo-
dependent erythroleukemia cell line.

To further examine the ability of SFFVp to abrogate Epo dependence, we
introduced the virus in complex with various helper viruses into an Epo -depen-
dent erythroleukemia cell line, HCD-57, derived from a mouse infected at birth
with Friend MuLV. Selection of the SFFV- infected cells in medium lacking Epo
efficiently and reproducibly gave rise to lines which were both factor- indepen-
dent (FI) and tumorigenic. FI lines could not be recovered from uninfected
HCD-57 cells or from cells infected with helper virus alone, indicating that
SFFV contributed to the factor- independent phenotjrpe . The SFFV- infected FI

lines express high levels of the SFFV envelope glycoprotein and release in-

fectious SFFV. As previously shown using spleen cells from SFFVp- infected mice,

the induction of factor -independence by SFFVp in HCD-57 cells does not appear
to involve a classical autocrine mechanism involving Epo, since the cells do

not secrete Epo and do not contain detectable levels of Epo mRNA, even when
tested in a sensitive assay exploiting the polymerase chain reaction. In
addition, anti-Epo serum has no effect on their proliferation. When the cells
were examined for their ability to bind Epo, the SFFV- infected cells bound 5-

fold less Epo than the parental line, indicating that SFFV products may either
block the Epo receptors in these cells or down-modulate it. This result is in

contrast to studies using spleen cells from SFFVp -infected mice, which showed
no difference from uninfected erythroid cells in their ability to bind Epo.

FI lines can also be derived, at lower efficiency, from HCD-57 cells infected
with the anemia- inducing strain of SFFV but not from cells infected with an
Abelson MuLV stock that clearly abrogates IL3 -dependent cells from their factor
dependence. Preliminary results with a variety of other oncogenic viruses,
including those containing v-ras, v-src, v-myc, v-erbB, v-src and v-myb/ets

,

indicate that SFFV is the only virus tested so far that can abrogate HCD-57
cells from their Epo - dependence

.

29



ZOl CB 08951-07 LGN

Preliminary results with SFFV- infected FI HCD-57 cells suggest that at

some point after virus infection they begin producing a factor other than Epo

which can support the growth of the parental cells. This factor is not secreted
into the medium and its effects can only be demonstrated when irradiated SFFV-

infected HCD-57 cells are cocultivated with the parental cells. This factor
may be related to a unique factor recently shown to be produced by Rauscher
murine erythroleukemia cells (Migliaccio et al., Blood, in press). In both
cases, data are consistent with the hypothesis that production of this growth

factor is the result of SFFV integrating into a specific site in mouse DNA
and is not related to expression of the SFFV envelope glycoprotein in these

cells. Thus, transformation of the Epo-dependent HCD-57 cells by SFFV may
involve 2 steps, analogous to the multiple stages of disease that exist in

SFFV- infected mice. The first step would be the abrogation of Epo -dependence

by the expression of the viral envelope glycoprotein and interference with
a post-receptor step in the Epo signal transduction pathway. The second step

would be the integration of SFFV in a specific site in the DNA and activation
of a gene that produces a unique growth factor that can stimulate the growth
of the HCD-57 cells by an autocrine mechanism.

III. Neither Epo nor SFFV induce tyrosine phosphorylation of proteins in

erythroid cells.

Since our data indicates that the SFFV envelope glycoprotein is effecting
a post-receptor step in the Epo signal transduction pathway, understanding the

mechanisms by which the Epo receptor transmits it mitogenic signal may provide
insights into how SFFV-infected cells proliferate abnormally. Activation of

protein tyrosine phosphorylation is an integral response in may different mito-

genic systems. Although neither the Epo receptor nor the SFFV envelope glyco-

protein contain tyrosine kinase domains, it does not rule out the possibility
that these proteins activate protein tyrosine phosphorylation in their signal
transduction pathways. To examine the effects of Epo and SFFV on protein
tyrosine phosphorylation, we used the Epo-dependent murine erythroleukemia
HCD-57 cell line along with its SFFV-infected counterpart as well as normal
erythroid cells from the spleens of phenylhydrazine- treated mice along with
spleen cells from SFFV-infected mice. Extracts of these cells before and after
stimulation with Epo were analyzed by immunoblotting with various sources of

antibodies specific for phosphotyrosine . Using this technique, we can find no

evidence for Epo- or SFFV- stimulated tyrosine phosphorylation of specific
proteins in erythroid cells. We are currently examining these cells for stim-

ulation of serine and threonine phosphorylation of target proteins.

IV. DNA from mice carrying the Rmcf^ locus contain a unique provirus not
present in the DNA from Rincf^ mice

.

Previous studies utilizing a series of BALB/c mice congenic for various
DBA/2 genes have shown that DBA/2 mice carry a gene on chromosome 5 , at or near
the Rmcf''^ locus, that plays a major role in resistance to early F-MuLV- induced
erythroleukemia. One can detect in resistant mice an 80K glycoprotein related
to the envelope glycoprotein of MCF viruses that is thought either to be encoded
for by this locus or whose expression is influenced by the locus. Susceptible
mice carrying the Rmcf^ locus do not express detectable levels of the 80K MCF
virus -related envelope glycoprotein. In order to determine if the Rmcf gene
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is a viral structural gene or a gene regulating the expression of the structural
gene, we examined DNA from susceptible BALB/c mice (Rmcf^) and resistant
BALB/c mice that were congenic for the Rmcf^ locus. Using synthetic oligo-
nucleotide probes specific for polytropic or modified polytropic viruses,
we were able to detect a provirus in the DNA of the Rmcf^ congenic mice
that was missing in Rmcf^ mice. These results indicate that the Rmcf^
gene is a viral structural gene related to the envelope gene of a modified
polytropic virus. We are currently attempting to clone this provirus using
cDNA prepared from the Rmcf''^ congenic mouse.

V. The Rmcf gene effects susceptibility of mice to thymic lymphoma induced
by Moloney MuLV.

Although our data clearly indicates that the Rmcf^ gene renders mice
resistant to the early erythroleukemia induced by Friend MuLV, it was not
known whether or not this gene effected the diseases induced by other retro-
viruses . In order to examine this , we infected various strains of mice with
Moloney MuLV and examined them for the development of thymic lymphoma. Our
data indicates that mice carrying the Rmcf^ locus, while not completely re-

sistant to thymic lymphoma, developed a significantly lower incidence of

disease (5 -10 -fold) when compared with mice carrying the Rmcf^ locus. Since

it had previously been shown that susceptible NTH Swiss (Rmcf^) mice, after
infection with Moloney MuLV, developed a preleukemic state characterized by
generalized hematopoietic hyperplasia, we were interested in whether or not
the Rmcf^ gene would inhibit this preleukemic state. Rmcf^ and Rmcf^ mice
were infected with M-MuLV and at various times after infection their hemato-
poietic tissues were examined for the number of CFU-C and CFU-E as well as

for the replication of MCF viruses. Our data indicate that mice carrying the

Rmcf^ gene differ significantly from mice carrying the Rmcf^ gene in the

expression of MCF viruses in their hematopoietic tissues but do not differ
significantly in the development of a generalized hematopoietic hyperplasia.
These results suggest (1) that MCF virus replication is not necessary for the

development of generalized hematopoietic hyperplasia in M-MuLV- infected mice
and (2) that development of a generalized hematopoietic hyperplasia is not
sufficient for the development of thymic lymphoma. These results suggest that
MCF virus replication is important in the development of M-MuLV- induced thymic
lymphoma and that its effect may be related to a role of Moloney MCF viruses
in insertional mutagenesis rather than in generating a preleukemic state in

the hematopoietic tissues.
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The overall emphasis of this laboratory is the study of murine leukemias involving
cells of the myeloid lineage. There are few model systems in animals for examining
such tumors even though myeloid t\imors are rather prevalent in man. Attempts are
being made to determine what steps are involved in the complex process of tumor
development and to determine how this process may be inhibited.
One model for leukeraogenesis that our laboratory has developed involves the rapid
and reproducible induction of promonocytic tumors in BALB/c and DBA/2 mice by
Moloney murine leukemia virus (M-MuLV) . These neoplasms are a consequence of
intravenous inoculation of the virus in conjunction with intraperitoneal injections
of pristane and it has been demonstrated that their development is dependent on the
pristane- induced inflammatory granuloma. It has been found that they invariably
have multiple integrations of M-MuLV in their DNA and one provirus is consistently
causing insertional mutagenesis of the c-myb gene. Experiments performed this year
have provided insight into 1) early leukemogenic events that occur in organs other
than in the peritoneal cavity (the peritoneum is the site where leukemic cells are
first detected in the acute phase) 2) mechanisms involved in inhibition of tumor
formation by indomethacin 3) viral genes in Moloney MuLV specifically associated
with promonocytic tumor cell development.
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Major Findings

I

.

Studies on the preleukemic phase of Moloney MuLV induced promonocytic tumors:

splenectomy reduces tumor incidence.

The fact that intravenous and not intraperitoneal inoculation of Moloney

MuLV is effective in inducing tumors which subsequently arise in the peritoneal
cavity suggests that there is a preleukemic stage of tumor development of these

tumors, splenectomies were performed at various times following virus inoculation.

It was observed that splenectomy inhibited tumor formation by 73% when carried

out 4 weeks following i.v. injection of virus. When performed before virus

injection, or 2 weeks or 5 weeks after virus injection inhibition of tumor

formation ranged from 24 to 46%. A theory to explain these results is that the

target cells for transformation by the virus can be found in the spleen, but
not exclusively in this area since tumors can be formed at a reduced incidence

in splenectomized mice. Interestingly, it was found that pristane-primed mice
have an increased number of granulocyte -macrophage colony stimulating factor
(GM-CSF) -responsive cells (CFU-C) in both their spleens and livers when compared
to untreated mice

.

II

.

Inhibition of promonocytic tumors with indomethacin.

A. Effect of indomethacin on established transplantable tumors. Previously,

the tumor inhibitory effect of indomethacin, a nonsteroid anti- inflammatory drug,

was tested and shown to dramatically reduce development of promonocytic tumors.

When indomethacin was put in the drinking water of BALB/c mice, starting prior
to treatment with pristane and inoculation of M-MuLV, tumor incidence was reduced
from 50% to 0%. In order to determine whether the indomethacin treatment was
effective against outgrowth of established malignant cells, transplantable tumors
were tested for their ability to grow in the peritoneal cavity of pristane-treated
mice that were receiving indomethacin in their drinking water. Tumor latency in

mice receiving indomethacin was only slightly shorter than in mice not receiving
indomethacin. Furthermore, only a small reduction in overall incidence could be

detected when experiments were carried out using as few as 100 tumor cells per

mouse. It was concluded from these and our previous studies that the ability of

indomethacin to inhibit primary tiomor formation following inoculation of MuLV
lies in its ability to block outgrowth of cells of early stages of tumor cell
development. Further support for this contention comes from the fact that recent
tumor induction experiments utilizing virus have shown that if indomethacin is

started two weeks after virus inoculation instead of before virus inoculation,
the inhibitory effect of indomethacin is abrogated.

B. Production of prostaglandin E 2 by cells in the peritoneal cavity of pristane
primed mice and by promonocytic tumor cells. Indomethacin is known to block the

formation of prostaglandins, prostacyclin, thromboxanes and intracellular oxygen
radicals through its inhibition of cyclooxygenase an enzyme that converts aracha-
donic acid into these products. Several models to explain the tumor inhibitory
effects of indomethacin can be drawn depending upon which products (s) of arachi-
donic acid metabolism are important in tumor promotion. Since prostaglandin E2

(PGE2) is known to be produced by macrophages and cells from the ascites fluid
of pristane primed are known to contain macrophages, it was reasoned that this
might be an important substance involved in tumor growth enhancement. Furthermore,
the promonocytic tumor cells had been shown to have characteristics of macrophages
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and therefore could be producers of PGE as well. Using radioimmune assays for
PGE2 it has been possible to show that cells from the ascites fluid of pristane-
priraed mice and both primary tumor cells derived in vivo as well as tumor cell
lines grown in vitro can produce high levels of PGE. In vivo derived tumor
cells do not have to be stimulated to produce PGE, whereas tumor cells that
have been propagated in vitro have to be stimulated with lipopolysaccaride before
PGE production is observed. Both types of tumor cells show a complete reduction
in PGE production when treated with indomethacin in vitro.

C . Reversal of inhibitory effects of indomethacin using prostaglandin En.
To test whether tumor inhibitory effects of indomethacin have been working ~

through the ability of indomethacin to block PGE2 specifically, mice revealing
pristane and virus and indomethacin in their drinking water were also given
two intraperitoneal injections per day of dimethyl -PGE2 (33ug/kg) in PBS. In
contrast to control mice receiving injections of PBS alone, mice receiving
PGE2 developed tumors starting at 75 days post virus inoculations. These results
indicate that the PGE2 is specifically promoting tximor growth and that indo-
methacin can abrogate its effects.

Ill . Genes in Moloney MuLV specifically related to promonocvtic tumor development

A. Ability of other replication competent viruses to induce promonocytic
tumors in pristane- treated mice. Some preliminary experiments in our laboratory
suggested to us that amphotropic virus (Ampho 4070) is also capable of inducing
promonocytic tumors under similar conditions whereas Friend MuLV could not
produce the disease. We have subsequently determined that Ampho 4070, a virus
which is usually considered to be of low leukemogenicity, when injected
intravenously in pristane-primed DBA/2 mice is very pathogenic: it can produce
tumors starting at about 3 months and the incidence of tumor formation is greater
that 50%

.

B. Studies on genetically modified Moloney MuLV . Results of in vivo testing
of reciprocal recombinants between Friend and Moloney MuLV indicated that there
are structural gene(s) that are present in Moloney MuLV, but not Friend MuLV,
that are required for induction of promonocytic tumors. Furthermore, our results
indicate that there are sequences in the U3 region of Moloney MuLV which are
crucial for its pathogenicity to myeloid cells because interruption of these
sequences (through insertion of nonretroviral sequences) blocks specific induction
of the promonocytic tumors, but does not interfere with general replication
competency in the mouse or the ability of the virus to induce lymphoid tumors.

Publication:

Wolff L, Mushinksi JF, Shen-Ong GLC , Morse III HC. A chronic inflammatory
response: its role in supporting the development of c-myc and c-myb related
promonocytic and monocytic tumors in BALB/c mice. 1988 J Immunol 141:681-89.

Wolff L, Chung SW, Ruscetti S. Molecular basis for the pathogenicity of the
Friend spleen focus-forming virus. In Modern Trends in Virology, Springer-
Verlag, p. 123-33, 1988.

Wolff L, Nason-Burchenal K. Retrovirus -induced tumors whose development is
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SUMMARY STATEMENT

LABORATORY OF MOLECULAR BIOLOGY

DCBD, NCI

OCTOBER 1, 1988 TO SEPTEMBER 30, H

The Laboratory of Molecular Biology uses genetic and molecular biological
approaches to study gene activity and cell behavior and to develop new

approaches to the diagnosis and treatment of cancer, AIDS and other human
diseases

.

Regulation of Gene Activity
I, Pastan

The EOF receptor (EGFR) is overexpressed in many human tumors implicating it in

the pathogenesis of some cancers. To study regulation of the EGFR gene, the

promoter region was isolated, sequenced and found to be very GC-rich but did

not contain a TATA sequence. It does to contain many transcription factor
binding sites' including four Spl sites and sites for at least three other
factors. One of these factors is a 120 kilodalton protein termed ETF that

binds to three sets of GC-rich sequences and stimulates EGF receptor
transcription in cell-free extracts. When these sequences are present in front

of a g-actin or SV40 promoter that contains TATA sequences, transcription is

not affected by ETF. To isolate transcription factors that bind to the GC-rich
region, a labeled fragment was used to screen a cDNA expression library made
from the RNA of A431 cells, and a cDNA clone encoding a 95 kilodalton protein
was isolated. The function of this protein which may be a transcriptional
repressor is under investigation.

Genetic Analysis of the Multidrug Resistance Phenotype in Tumor Cells :

M. M. Gottesman and I. Pastan

Resistance to multiple drugs is a major impediment to the successful
chemotherapy of human cancers. One mechanism of multidrug-resistance (MDR) is

the expression of a 170,000 dalton energy-dependent drug efflux pump
(P-glycoprotein) which confers resistance to colchicine, adriamycin,
vincristine, vinblastine, puromycin, and actinomycin D, ATP-dependent
transport of vinblastine has been demonstrated using membrarte vesicles from MDR
cells. This transport is inhibited by vincristine, daunomycin, actinomycin D

and colchicine as well as verapamil, quinidine and other drugs which reverse
multidrug-resistance. Expression vectors into which the MDR 1 cDNA is cloned
confer the complete MDR phenotype on drug-sensitive cells, as does a retrovirus
carrying the MDR 1 gene. When introduced into dog kidney epithelial (MOCK)

cells, the MDR1 cDNA product is expressed on the apical surface of the

epithelia, and allows transport of drugs such as vinblastine, daunomycin,
actinomycin D and verapamil. A chimeric P-glycoprotein, in which a functional
adenosine deaminase (ADA) molecule is attached to the C-terminus , has been
constructed. Introduction of this cDNA into cells results in drug resistance
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and ADA activity simultaneously. Transgenic mice carrying the human MDRl gene
expressed in bone marrow were produced and shown to be resistant to

duanomycin-induced leukopenia. These mice will be useful in the testing of new
drugs designed to overcome multidrug resistance. Expression of MDR l RNA and
P-glycoprotein normally occurs in kidney, liver, colon, and adrenal and in

cancers derived from these tissues which are intrinsically resistant to

chemotherapy as well as several other tumors. Acquired drug resistance in

leukemia, lymphoma, neuroblastoma, rhabdomyosarcoma, pheochromocytoma, breast
and ovarian cancer is associated with increased MDR l RNA levels.

Immunotoxin and Oncotoxin Therapy of Cancer Cells
I. Pastan, D. FitzGerald, and M. C. Willingham

Pseudomonas exotoxin (PE) or genetically modified forms of PE have been
attached to monoclonal antibodies (mAbs) or growth factors to create
cell-specific cytotoxic agents. Native PE attached to mAb 0VB3 is cytotoxic to
ovarian cancer cells, inhibits the growth of ovarian cancer in mice, and is

being currently tested in a Phase I trial in women with ovarian cancer. Mutant
PE molecules in which domain I has been replaced by TGFa, IL2, IL^l, or IL6 have
been created by the technique of gene fusion and the chimeric proteins produced
in E. coli . TGFa-PE40 kills cancer cells with EGF receptors. IL2-PE40 kills
certain types of leukemia cells as well as activated T cells involved in

allograft rejection. IL6-PE40 is cytotoxic to some myeloma cells. CD4 has
also been fused to PE40 to create CD^-PEUO, a chimeric toxin which kills cells
infected with HIV. Such molecules may be useful in the elimination of tumor
cells or other cells such as HIV infected cells responsible for several human
diseases

.

Development of Immunotoxins for Cancer
D. J. FitzGerald

To study the structure-function relationships of Pseudomonas exotoxin (PE)
a series of monoclonal antibodies were selected and eight characterized and
shown to react with either domains II, lb, or III of PE. Two reacted with
native PE; the other six reacted with cryptic epitopes which became exposed
when PE was immobilized on nitrocellulose or denatured with urea and DTT. The
hydrophobic properties of PE were explored. Full length PE or domains I, II,
and III were each shown to bind more detergent at pH 4.5 than at pH 7.0. PE
has an amino acid sequence resembling a consensus cleavage site for HIV
protease. While PE was not degraded by this protease, PE40 was susceptible and
was cleaved between residues 389-390,

Because large quantities of LysPE40 are required for immunotoxin production, a
method was developed to produce it in gram quantities. By controlling pH,
aeration and adding nutrients, cells expressing LysPE40 were grown to very high
density and LysPEMO was purified from the medium using Q Sepharose, QMA, Mono S
and gel filtration chromatography. LysPEUO immunotoxins were made with the
following antibodies: HB21 (anti-TFR), antiTac (anti-IL2R), 0VB3 (anti-ovarian
Ca), anti-CD3, anti-CD5, and anti-CD33. OVB3-LysPE40 is poorly cytotoxic,
primarily because the GVB3 antigen is not well internalized. To increase the
rate of endocytosis, and thereby enhance cytotoxic activity, transferrin was
chemically coupled to QVB3-lysPE40 to produce a conjugate that is about
ten-fold more active than OVB3-LysPE40

.
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Morphologic Mechanisms of Organelle Function and Transformation in Cultured

Cells
M. C. Willingham

Neoplastic transformation produces many changes in cell function, some of which

have been studied using morphologic techniques. Morphologic methods were

developed to isolate monoclonal antibodies to tumor-specific epitopes for use

in therapy of human cancers of ovary, colon, breast and stomach. One of these,

0VB3, is currently in clinical trials as part of an immunotoxin for the

treatment of ovarian cancer. Two new antibodies, 0VM3 and 0VM4 , are being

evaluated. New strategies for screening of monoclonal antibodies and for

immunization are being developed. Antibodies C219 directed at the human
multidrug transporter were found to cross-react with a myosin isoform. The

ability of the multidrug transporter to pump protons out of cells was studied
by measuring the alkalinization of the cytosol using fluorescence photometry

and microinjection of pH-sensitive dyes.

Functions, Structure, and Regulation of Receptors for Cell Adhesion Proteins

K . M . Yamada

Receptors for key extracellular proteins such as fibronectin, collagen, and

laminin are thought to mediate adherence, migration, and invasion by tumor

cells, as well as analogous processes by certain normal cells. Membrane
glycoproteins that bind collagen or fibronectin are being characterized.
One collagen-binding protein is a transformation-sensitive heat-shock protein.

A second binding protein termed VLA-2 may be central to normal and tumor cell

penetration of collagenous matrices. Fibronectin receptors were shown to be

altered in quantity and/or distribution _in vivo and j^ vitro . Levels are

increased in Rous sarcoma-virus induced tumors, and its membrane localization
is altered in a variety of tumor cells. The structure of human fibronectin
receptors was determined by a variety of electron microscopic approaches; it

has an unusual shape with two long stalk-like legs. Subunit-specif ic

monoclonal antibodies elucidated fibronectin receptor function in a variety of

processes. The beta subunit, shared by other receptors, appears required for

normal cell attachment to fibronectin, laminin, and collagen. The alpha
subunit provides specificity. This fibronectin receptor was required for

organization of an extracellular fibronectin matrix, specialized adhesive
contacts, and thick intracellular microfilament bundles. It also restrains
migration of normal fibroblasts as part of its function in maintaining the

stationary cell phenotype. It thus appears to play a central role in

regulating normal cell adhesion and migration.

Structure and Roles of Transformation-sensitive Cell Surface Glycoproteins
K. M. Yamada

Fibronectin plays a crucial roles in cell adhesion, migration, invasion, and
metastasis. Four key sequences in fibronectin involved in its recognition by

cells are being characterized. One site containing the Gly-Arg-Gly-Asp-Ser
sequence is required for epithelial as well as fibroblastic cell adhesion to

fibronectin. A synthetic peptide containing this sequence inhibits experimental
metastasis; its rapid rate of renal clearance was decreased by coupling it to a

carrier. A second, synergistic cell-interaction sequence was defined by

recombinant DNA mutagenesis. This site is required for cell adhesion,
transmembrane effects on the cytoskeleton , and cell migration; its crucial
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minimal sequence is being defined. A third site, present in some fibronectin
molecules due to alternative splicing, was recognized in a cell-type specific
fashion by neural crest cells and derivatives. Vitronectin, another major cell
adhesion protein, was found to be regulated by an extracellular molecule termed
PG-M, a novel proteoglycan that modulates adhesion via its chondroitin sulfate
side chains.

Development and Uses of Eukaryotic Vectors
B. H. Howard

Studies are being focused primarily on growth regulation in mammalian cells
with investigation of growth inhibitory activity emphasized within this
framework. Several new results of particular Interest have been obtained, i)

Growth regulatory properties of 7SL RNA and Alu elements have been shown to

reside in two short DNA sequence motifs: the B block of the RNA polymerase III
promoter and an undecanucleotide , GAGGCNGAGGC, which is homologous to

papovavirus origins of DNA replication, ii) Screening of an Okayama-Berg cDNA
expression library has led to identification of several clones differentially
expressed in serum-starved and senescent human skin fibroblasts, iii) A new
procedure for construction of full length cDNA expression vector libraries has
been developed.

Synthesis and Function of a Transformation-Dependent Secreted Lysosomal
Protease
M. M. Gottesman

Cultured mouse fibroblasts which are malignantly transformed or treated with
TPA or growth factors such as PDGF synthesize and secrete the 39,000 Mr
precursor to cathepsin L in large amounts. Overproduction of cloned cathepsin
L in a nontransformed cell results in secretion of this lysosomal enzyme.
Cathepsin L is an active acid protease whether or not it is glycosylated.
Secreted procathepsin L can bind to the mannose 5-phosphate receptor of many
cells and be endocytosed and processed intracellularly. In antigen presenting
cells, procathepsin L uptake reduces the efficiency of antigen presentation,
thereby interfering with immune response. Transformation, TPA and PDGF
stimulate transcription. A functional procathepsin L gene was cloned from
mouse cells and the 5' flanking region which acts as a promoter in CAT
constructions sequenced. Regulated transcription requires sequences in the
first two exons and introns. A human procathepsin L cDNA has also been cloned
and sequenced. Recombinant human procathepsin L produced in bacteria is

enzymatically active. A deletion analysis of procathepsin L produced in
bacteria indicates that both the "pro" and the carboxy-terminal part of the
protein are needed for full activity.

Genetic and Biochemical Analysis of Cell Behavior
M. M. Gottesman

The manner in which cyclic AMP regulates cell growth and gene expression in
CHO cells and the function of EGF receptors in KB cells is being studied. The
mechanism of cAMP action on CHO cells has been studied by isolating CHO mutants
resistant to growth inhibition by cAMP . These mutants have defective cAMP
dependent protein kinases with either altered regulatory (RI) or catalytic (C)
subunits. DNA from cells carrying dominant cAMP-resistant defects transfers
the cAMP-resistant phenotype to sensitive cells. Cosraid clones carrying the
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CHO RI subunit from cAMP resistant cells have been isolated and the exon-intron
structure of most of the CHO RI subunit gene has been determined. A

full-length cDNA for CHO RI has been isolated and sequenced. The yeast
phosphodiesterase has also been expressed in CHO cells. Expression of the PDE

gene results in insensitivity to cAMP . With I. Pastan, KB cells selected for

resistance to a conjugate of Pseudomonas toxin with EOF have been shown to have

reduced levels of EOF receptors due to a decrease in EGF receptor mRNA. Many

of these mutants are dominant in gene transfer experiments, and some show

reduced growth in response to EGF.

The Transgenic Mouse as a Model System to Study Gene Function and Regulation
G. T. Merlino

Two important aspects of cancer: the ability of malignant cells to escape
destruction by chemotherapy, and the role of oncogenes and growth factors in

the development of cancer are being investigated. Transgenic mice which
contain a human cDNA (MDR1 ) encoding a multidrug transporter (P-glycoprotein)
capable of conferring multidrug resistance in cell culture have been generated.
Expression of the human MDR 1 gene was detected in the normally drug-sensitive
bone marrow of several lines of transgenic mice. The transgenic bone marrow
became resistant to the cytotoxic effects of the drug daunomycin. Since bone
marrow suppression is a major drawback to the use of chemotherapy, these

transgenic mice will be used as a model to determine if higher doses of drugs
can cure previously unresponsive cancers. The epidermal growth factor (EGF)

receptor is the cellular homolog of the avian erythroblastosis virus erbB

oncogene product. To elucidate the role of the EGF receptor and its ligands in

growth control and transformation, mice bearing either the human EGF receptor
gene or the human TGFa gene were produced . In both cases the transgene was

expressed in a wide variety of mouse tissues. Studies are underway to

determine the effects of inappropriate expression on the developing mouse.

Mechanisms of Thyroid Hormone Action in Animal Cells
S.-y. Cheng

A cDNA clone encoding a human cytosolic thyroid hormone binding protein (CTHBP)

has been isolated. The sequence of CTHBP was found to be homologous to the

subunit of rat pyruvate kinase, subtype M2 (PKM2). CTHBP is a monomer that has
10-1555 of the enzymatic activity of tetrameric PKM2. The tetrameric PKM2 does
not bind 3,3' ,5-triiodo-L-thyronine (T3). Binding of CTHBP to T3 or its

analogs resulted in the inhibition of pyruvate kinase activity. The apparent
Ki's of T3, L-thyroxine, and D-T3 are 30 nM, 100 nM, and 2 pM, respectively
which correlates with the thermogenic effects reported for T3 and its analogs.
Since PK is a key enzyme in regulating cellular ADP, ATP, and pyruvate, CTHBP'

may be involved in mediating some of the cellular metabolic effects induced by

thyroid hormones.

Using a T7 expression system in E. coli , large amounts of the human placental
c-erbA protein (hc-erbA-B) were expressed and purified to apparent homogeneity.
The purified hc-erbA-B binds to T3 with a Ka = 2.8 x 10^ M"'' with n = 0.3
mole/mole. It binds to T3 analogs with the same order of affinities as the T3
analogs bind to the T3 nuclear receptor present in tissues or cultured cells.

Furthermore, the purified hc-erbA-B binds to the T3 response element of the rat
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growth hormone gene in a hormone-independent manner. The availability of large
amounts of active hc-erbA-g should lead to an understanding of the mechanism of
transcriptional regulation by T^.

Regulation of the gal Operon of Escherichia coli
S. Adhya

Gal repressor protein negatively regulates the expression of the gal operon of
E. coli . Repression requires binding of repressor to two spatially separated
operator sites, Og and Oj. Previously it was shown that occupation of the two
operators sites by repressor is not sufficient to achieve normal repression,
and it was proposed that an interaction between two operator bound dimeric
repressors, giving rise to a DNA loop, is essential for repression. The
following experimental results strongly support this model of repression,
i) Repressor dimers bound to Og and Oj associate generating a DNA loop as
studied by electron microscopy, ii) Repressor mutant protein was isolated
which binds to Og and Oj , but does not tetramerize. This mutant protein when
bound to DNA does not form a DNA loop as studied by electron microscopy,
iii) The mutant repressor fails to repress the gal operon.

It was also discovered that in a cell devoid of Gal repressor, a derepressed
gal operon can be further induced two- to three-fold by the addition of the
inducer, D-fucose. ^ vivo operator titration assays suggest that the gal
operon is subjected to a new negative control under conditions when the
classical Gal repressor is removed from the cell.

Genetic Regulatory Mechanisms in Escherichia coli and Its Bacteriophage
S. Adhya and S. Ganges

Cyclic AMP binds to its receptor protein CRP, and induces a conformational
change (allosteric transition) in the protein. The cyclic AMP -CRP complex, but
not free CRP, binds at or near many E. coli promoters in a sequence-specific
way and either represses or activates transcription. Several classes of
mutations in the crp gene were isolated and characterized, which identify the
amino acids participating in the cyclic AMP-induced allosteric shift in the
protein. On the basis of these results and the three-dimensional structure of
the protein, it is proposed that cyclic AMP brings about a hinge reorientation
to release the DNA-bindlng F a-helices; alignment between two subunits; and an
adjustment between the position of the two domains in each subunit. Extensive
amino acid substitutions at some of these positions further supports the idea
that a hinge movement involving specific interhelical polar-polar interactions
and Van der Waals repulsions between side chains of defined amino acids are an
essential part of the activation of CRP. Mutants have been obtained that are
in a allosterically frozen conformation that is uninducible by cAMP. These
mutations impart a defect in DNA binding and/or in transcription activation,
and these data suggest that a cAMP-induced allosteric change is necessary not
only for DNA binding but also for CRP-RNA polymerase interaction. The CRP-RNA
polymerase interaction when bound to DNA is also being studied. Results
suggest that a specific DNA distance between the two bound proteins is required
for productive interaction. It is likely that there is a complicated
arrangement between the two sites, in terms of DNA sequence and distance.
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Bacterial Functions Involved in Cell Growth Control

S. Gottesman

The role that protein degradation plays in regulating cell growth control is

being investigated through the study of the proteases which carry out

ATP-dependent proteolysis in E. coli . The Lon protease has previously been

shown to degrade RcsA, a positive regulator of capsule synthesis, and SulA , a

cell division inhibitor. The analysis of capsule synthesis is being continued.

RcsC, a membrane protein, probably functions to sense environmental signals and

transmits this information to the positive regulatory protein RcsB. RcsA may
act directly on the regulated genes, or indirectly by affecting RcsB-RcsC
interactions. The Clp protease, a second major ATP-dependent protease, has an

ATP-binding subunit (ClpA) which shares homology with a family of proteins in

both eukaryotic and prokaryotic cells. The protease subunit of the Clp

protease (ClpP) contains a serine active site, and has only limited activity in

the absence of ClpA. Clp is induced anaerobically; one target of Clp

degradation is excess ClpA subunit. A third energy-dependent protease, the Alp

protease, is capable of substituting for Lon under some conditions.

DNA Replication in vitro
S. Wickner

The molecular mechanisms involved in the initiation of replication are being
investigated, as well as how DNA replication is regulated. An in vitro
replication system is being used that replicates plasmid DNA carrying the

bacteriophage PI origin of replication and many host functions that participate
in the replication reaction have been determined, including dnaA, dnaB, dnaC and

dnaO proteins, RNA polymerase, DNA gyrase and DNA polymerase III. Three of the

E. coli heat shock proteins, dnaJ , dnaK, and grpE proteins are also required.
How these proteins assemble on the initiation site and how they function in

initiation has been determined. Using PI, it was shown that the PI initiator
protein, RepA , binds to the origin and control region simultaneously, causing the

intervening DNA to loop as determined by electron microscopy. This looping
probably inhibits initiation just as Dr. Adhya has shown looping in the gal

operon inhibits gene transcription. Replication _in vitro is restored when seven
or more of the nine RepA binding sites are deleted from the control region or

when wild-type RepA protein is substituted with RepA protein isolated from a repA

mutant that has an increased copy number in vivo.
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The EGF receptor (EGFR) is overexpressed in many human tumors implicating it in
the pathogenesis of some cancers. To study regulation of the EGFR gene, the
promoter region was isolated and shown to contain many transcription factor
binding sites including four Spl sites and sites for at least three other
factors. One of these factors is a 120 kilodalton protein termed ETF that
binds to GC-rich sequences found at positions -230 to -250. When these
sequences are present in front of a 8-actin or SVUO promoter that contains TATA
sequences, transcription is no longer affected by ETF. To isolate
transcription factors that bind to the GC-rich region, a labeled fragment was
used to screen an expression library made from A431 cells and a cDNA clone
encoding a 95 kilodalton protein was isolated. The function of this protein is
under investigation.
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Major Findings :

Regions of the EGF receptor promoter important for transcriptional activity
were identified by deletion mapping and a 465 bp region (-481 to -16) was found

to support transcription in transfection studies with promoter CAT fusions. We
have purified a 120 kDa protein termed ETF1 that binds to GC-rich sequences in

the EGF receptor promoter and stimulates its transcription. The epidermal
growth factor receptor ('EGFR) gene does not have a TATA box in the promoter
region. ETF recognizes various GC-rich sequences including stretches of

deoxycytidine or deoxyguanisine residues and GC boxes with similar affinities.
ETF also binds to TATA boxes but with a lower affinity. ETF stimulated in

vitro transcription from several promoters without TATA boxes, but had little
or no effect on TATA box-containing promoters even though they had strong
ETF-binding sties. These inactive ETF-binding sites became functional when
placed upstream of the EGFR promoter whose own ETF-binding sites were removed.
Furthermore, when a TATA box was introduced into the EGFR promoter, the

responsiveness to ETF was abolished. These results indicate the ETF is a

specific transcription factor for promoters which do not contain TATA elements.

Publications :

Jinno Y, Merlino GT, Pastan I. A novel effect of EGF on mRNA stability,
Nucl Acids Res 1988;16:4957-66.

Kageyama R, Merlino GT, Pastan I. A transcription factor active on the
epidermal growth factor receptor gene, Proc Natl Acad Sci USA 1 988; 85 : 501.6-20.

Velu TJ, Beguinot L, Vass WC, Zhang K, Pastan I, Lowy DR. Retroviruses
expressing different levels of the normal epidermal growth factor receptor:
Biological properties and new bioassay, J Cellular Biochem 1 989;39: 1 53~1 66.
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Neoplastic transformation produces many changes in cell function, some of which
can be studied using morphologic techniques. We have used morphologic methods
to isolate monoclonal antibodies to tumor-specific epitopes for use in therapy
of human cancers of ovary, colon, breast and stomach. The evaluation of such
new antibodies and their tumor and tissue specificity has led to the isolation
of some that may be useful in cancer therapy and diagnosis. One of these,
QVB3, is currently in clinical trials as part of an immunotoxin for the
treatment of ovarian cancer. Two new antibodies, 0VM3 and 0VM4, are being
evaluated. We are continuing to study new strategies for screening and
immunization for monoclonal antibody production to tumor-specific antigens. We
have also evaluated antibodies directed at the human multidrug transporter,
including the cross-reactivity of antibody C219 to myosin isoforms and the
reactivity of a new antibody, MC57. In addition, we have examined the ability
of the multidrug transporter to pump protons out of cells by measuring the
alkalinization of the cytosol using fluorescence photometry and microinjection
of pH-sensitive dyes.
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Major Findings :

Neoplastic transformation produces many changes in cell function, some of which
are likely to be expressed as alterations in surface antigens. We have
continued development of methods in an attempt to isolate tumor-specific
monoclonal antibodies that could be used as part of immunotoxins for cancer
therapy. We have used morphologic screening with both immunofluorescence and
immunoperoxidase to evaluate the specificity of isolated monoclonal antibodies,
methods that were used to isolate an earlier ovarian-specific antibody, 0VB3,

that is now in clinical testing. We have expanded our search for tumor-
specific antigens to include breast, gastric, and colon cancers, as well as to

ovarian cancers. In addition to using these other tumors in initial screening,
we are beginning immunizations of mice with cell lines derived from these other
tumors, including HF-29 cells from colon carcinoma and MCF-7 cells from breast
carcinoma. We have also begun to use new strategies for immunization
including: 1 ) tolerization of mice with normal human tissue extracts along
with cyclophosphamide treatment, 2) periodate-mediated conjugation of

anti-mouse IgG to the surface of immunizing cells, and 3) the evaluation of

panning of lymphocytes for tumor cell-reactivity prior to fusion. We have also
begun to use different timing protocols for immunization and to combine both
regional lymph node and spleen cells for fusions. An additional method is the

use of various acid wash procedures to eliminate low affinity binding of

immunoglobulins both from conditioned media and supernatants, especially when
using HT-29 cells that possess IgA receptors. Using these methods, we have
isolated two new antibodies, 0VM3 and 0VM4, that are currently being evaluated
for their tissue and tumor reactivity.

Another effort is the evaluation of tumor-specific antibodies isolated by other
laboratories. We have evaluated several that have shown previously undetected
reactivity with important normal tissues. Several others are still under
evaluation. So far, we have not found antibodies with better specificity for

tumor versus normal tissues than 0VB3.

In other studies, we have evaluated the reactivity of several antibodies
reactive to P170, the multidrug transporter (P-glycoprotein) . One of these,
C219, had previously shown reactivity to slow-twitch and cardiac muscle, and
the 200 kD protein band reactive with this antibody suggested that the reactive
protein was an isoform of myosin. Subsequently, we have purified myosin from
cardiac muscle based on its salt fractionation and lack of membrane
association, and derived a relatively pure preparation of myosin by these
standard methods. This purified material was shown to react with C219 in the

same way as the 200 kD band in crude extracts of cardiac muscle. Further
preliminary studies using protease cleavage of myosin have suggested a reactive
site in the S2 region of this myosin isoform.

As part of a collaborative project, we have also evaluated a new antl-PITO
antibody isolated in Italy, termed MC57, which showed the same morphologic
distribution of PI 70 seen in previous studies using monoclonal antibody MRK16,
both in tissues and cultured cells. The relative affinity of this antibody for
P170 appeared lower than MRK16. We have also, using immunocytochemistry

,
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evaluated the location of P170 in various systems that express the human
multidrug transporter. One of these systems, which involves the expression of

human PI 70 in a baculovirus-mediated transfer of the human MDR1 gene into
Insect cells showed a high level of expression of PI 70 in Golgi and plasma
membranes, consistent with its location in human cells that normally express
the protein.

In other studies, we noticed the rapid acidification of the culture medium by
multidrug-resistant cells and investigated whether PI 70 in these cells might
function as a proton pump, alkalinizing the cytosol. We have evaluated the pH
of the cytosol in multidrug resistant cells using direct mechanical
microinjection of a dextran-coupled dye, SNARF, that changes its spectral
fluorescence properties in response to pH in the range of 7.0-8.0. Using
fluorescence photometry of single living cells, we have shown that the pH in

MDR cells is significantly elevated, and that this elevation of cytosol pH is

enhanced by the inclusion of colchicine in the medium. On the other hand,
incubation in competitive blockers of PI 70 pump activity, such as verapamil and
vinblastine, inhibit this elevation in cytosol pH. These results suggest that
an endogenous substrate for the multidrug transporter exists in cells, that
active pumping of colchicine by P170 indirectly pumps protons out of the cell,
and that high affinity competitors of drug binding to PI 70 are highly effective
at inhibiting efflux of other drugs while being pumped themselves in relatively
small amounts. These results add new insights into the physiological role that
the multidrug transporter may play in physiology.
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Strange K, Willingham MC, Handler JS, Harris HW. Apical membrane endocytosls
via coated pits is stimulated by removal of antidiuretic hormone from isolated,
perfused rabbit cortical collecting tubule, J Membrane Biol 1988;103:17-28.

Pirker R, FitzGerald DJP, Willingham MC , Pastan I. Enhancement of the activity
of immunotoxins made with either ricin A chain or Pseudomonas exotoxin in human
ovarian and epidermoid carcinoma cell lines. Cancer Res 1988;48:3919-23.

FitzGerald DJ, Willingham MC, Pastan I. Pseudomonas exotoxin-immunotoxins

.

In: Frankel AE, ed. Immunotoxins. Norwell MA: Kluwer Academic,
1988;161-173.

Padmanabhan R, Corsico, CD, Howard, BH, Holter W, Fordis CM, Willingham M,

Howard BH. Purification of transiently transfected cells by magnetic affinity
cell sorting, Anal Biochem 1 988; 1 70: 3U-8.

Gallo MG, Chaudhary VK, FitzGerald, DJP, Willingham MC, Pastan I:

Cloning and expression of the H chain V region of antibody 0VB3 that reacts
with human ovarian cancer, J Immunol 1988;141:1034-1040.

Pastan I, Gottesman MM, Ueda K, Lovelace E, Rutherford AV, Willingham MC . A
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85:4486-90.
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Fibronectin and other extracellular molecules play crucial roles in cell
adhesion, migration, invasion, and metastasis. Four key sequences in fibronectin
involved in its recognition by cells are being characterized. One site
containing the Gly-Arg-Gly-Asp-Ser sequence was found to be required for
epithelial as well as fibroblastic cell adhesion to fibronectin. A synthetic
peptide containing this sequence inhibits experimental metastasis, and its overly
rapid rate of renal clearance was decreased by coupling it to a carrier. A

second, synergistic cell-interaction sequence was defined by recombinant DNA
mutagenesis approaches. This second site was found to be required for efficient
cell adhesion, transmembrane effects on the cytoskeleton, and cell migration; its
crucial minimal sequence is being defined. A third site, present in only some
fibronectin molecules due to alternative splicing, was recognized in cell-type
specific fashion by neural crest cells and derivatives. Crest cells used it in
combination with the first two sites for cell migration. Vitronectin, another
major cell adhesion protein, was characterized biochemically and was found to be
regulated by an extracellular molecule termed PG-M. This novel proteoglycan can
modulate adhesion via its chondroitin sulfate side chains. The mechanisms of
human tumor cell migration and invasion on various extracellular substrates are
being analyzed in detail using a variety of potential synthetic peptide
inhibitors and by assays of migration such as time-lapse video microscopy.
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Major Findings :

Fibronectin is a major cell surface and extracellular matrix glycoprotein
involved in cell adhesion and migration, and is viewed as the prototype cell

surface interaction protein. Knowledge of the peptide sequences essential for

cell interactions with fibronectin and other extracellular proteins should aid in

the development of specific inhibitors of migration, invasion, and metastasis.

The essential polypeptide sequences required for normal and tumor cell
interactions with fibronectin are being identified by site-directed mutagenesis
and synthetic peptide analyses. Four crucial polypeptide sites were identified:
two are used by a variety of cell types and are synergistic, and two are

cell-type specific and alternatively spliced. One site contains the previously
described Gly-Arg-Gly-Asp-Ser sequence, which was demonstrated to be required for

epithelial cell adhesion besides its known roles in fibroblast adhesion. We had
previously shown that this peptide inhibits experimental metastasis and prolongs
survival in a mouse melanoma model; coupling Gly-Arg-Gly-Asp-Ser-Pro-(Ala)
derivatives to IgG or to a synthetic hydrophilic polymer was found to retard
substantially the presently unacceptably rapid loss of such peptides from the

circulation due to renal clearance.

A second, synergistic sequence in fibronectin was shown to be a novel region
required for fibronectin receptor binding, efficient cell adhesion, and
transmembrane effects of fibronectin on the cytoskeleton. The crucial amino
acids involved have been narrowed down by oligonucleotide-directed deletion
mutagenesis to 38 residues in an evolutionarily conserved part of the protein.
The minimal sequences necessary for function will be determined by further
mutagenesis, then tested as synthetic peptide inhibitors of cell adhesion and
migration.

Both of these synergistic sites, plus a third, cell-type specific site we
previously identified (termed CS-1), were found to be required for locomotion by
embryonic neural crest cells. Experiments using recombinant wild-type and
mutated polypeptides and synthetic peptides demonstrated that this highly
migratory cell type uses different combinations of these sites in differing
fashions for cell adhesion, spreading, and translocation; cell migration was
particularly demanding in requiring the presence of all three of these sites.

Another major cell adhesion protein termed vitronectin was characterized
biochemically and was found to exist to two structurally and functionally
distinct forms in human plasma. One form is monomeric, while the other contains
a proteolytically clipped product in 6.5 S aggregates that can interact with
heparin and which are increased during blood coagulation. The existence of these
two forms may permit distinct functions for a single gene product.

Besides depending on specific sequences and rates of synthesis, the functions of
cell adhesion molecules may also be regulated by extrinsic molecules. A newly
described cell surface proteoglycan termed PG-M was found to regulate the
adhesion of a wide variety of cells to fibronectin, collagen, vitronectin, and
laminin. Inhibitory activity was localized to the chondroitin sulfate side
chains of this novel proteoglycan.
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A comparative analysis is being completed of potential synthetic peptide
inhibitors of human tumor cell migration using seven distinct peptide sequences
previously reported to be inhibitors of cell interactions with fibronectin,

collagen, and laminin, using cell outgrowth assays and time-lapse video

microscopy on various extracellular proteins. Inhibitory activity has been found

so far only in those derivatives containing the fibronectin Arg-Gly-Asp sequence.

Methods are now being developed for the direct visualization and high-resolution
video filming of specialized cell surface structures ( invadopodia) actively
involved in tumor cell migration and invasion of extracellular matrices.
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SUMMARY OF WORK (Use standard unreduced type. Oo not axcaad the space provided.)

We are utilizing the Chinese hamster ovary (CHO) fibroblast and human cervical
adenocarcinoma cell (KB) to study the genetics and biochemistry of some aspects
of the behavior of cultured cells. Our recent work has emphasized the manner
in which cyclic AMP regulates cell growth and gene expression in CHO cells and
the function of EGF receptors in KB cells. The mechanism of cAMP action on CHO
cells has been studied by isolating CHO mutants resistant to growth inhibition
by cAMP. These mutants have defective cAMP dependent protein kinases with
either altered regulatory (RI) or catalytic (C) subunits. DNA from cells
carrying dominant cAMP-resistant defects can be used to transfer the
cAMP-resistance phenotype to sensitive cells. Cosraid clones carrying the CHO
RI subunit from cAMP resistant cells have been isolated. The exon-intron
structure of most of the CHO RI subunit gene has been determined. A

full-length cDNA for CHO RI has been isolated and sequenced. The yeast
phosphodiesterase has also been expressed in CHO cells. Expression of the PDF
gene results in insensitivity to cAMP. KB cells selected for resistance to a

conjugate of Pseudomonas toxin with EGF have reduced levels of EGF receptors
due to a decrease in EGF receptor mRNA. Many of these mutants are dominant in

gene transfer experiments, and some show reduced growth in response to EGF.
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Major Findings ;

1. We have isolated cosmid clones from CHO libraries for the RI gene.

Sequence analysis of one RI genomic clone, pcosRI, confirms that it contains
most of the coding sequence of CHO RI. The RI gene has at least seven coding
exons, all of which have been completely sequenced. Two exons are within the

cAMP binding domain at the 3' end of the gene.

2. Some cAMP dependent protein kinase mutants are supersensitive to natural
product cytotoxic drugs such as colchicine, vinblastine, adriamycin and

puromycln. Revertant cells which have recovered normal levels of

drug-resistance have lost their protein kinase mutant phenotype. This result
suggests that the expression of resistance to multiple drugs can be modulated
by cAMP dependent protein kinase, perhaps through a mechanism involving the

multidrug transporter ( mdr 2 gene product). In confirmation of this hypothesis,
CHO protein kinase mutants were found to have reduced levels of mdr RNA and

reduced amounts of the transporter, indicating that in CHO cells, AMP dependent
protein kinase modulates mdr mRNA levels.

3. Several classes of pleiotropic mutants resistant to a conjugate of EOF with
Pseudomonas toxin have been isolated. These mutants have reduced amounts of

EGF receptor mRNA. 4/5 mutants are dominant in somatic cell hybrids and the

defect in 2 of the dominant mutants has been transferred by DNA-mediated gene
transfer. The growth of KB cells in serum-free medium is stimulated by EGF,

but in 3/5 of the mutants with low EGF receptor levels, little or no
stimulation of growth by EGF is seen, U/5 mutants also had a reduced growth
response to insulin. These results indicate that reduction of EGF receptor RNA
in most of these mutants is part of a pleiotropic defect affecting response to

other growth factors as. well as EGF.

Publications :

Amano F, Gottesman MM, Pastan I. Epidermal growth factor-dependent growth of

human KB cells in a defined medium and altered growth factor requirements of K3

mutants resistant to EGF- Pseudomonas conjugates, J Cell Physiol 1988;135:502-8.

Amano F, Pastan I, Gottesman MM. Genetic characterization of human KB cell
lines resistant to epidermal growth factor: Pseudomonas exotoxin conjugates,
J Cell Physiol 1988;135:527-32.
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Two major questions of DNA replication are being studied: First, what are the

molecular mechanisms involved in the initiation of replication? Second, how is

DNA replication regulated? To address these questions, I have been using an

in vitro replication system that replicates plasmid DNA carrying the

bacteriophage PI origin of replication. I have determined many host functions

that participate in the replication reaction, including dnaA, dnaB, dnaC and dnaC

proteins, RNA polymerase, DNA gyrase and DNA polymerase III. I have found that

three of the E. coli heat shock proteins, dnaJ, dnaK, and grp E proteins are also

required. By studying protein-protein and protein-DNA interactions among these

proteins, I am learning how they assemble on the initiation site and how they

function in initiation. Since PI normally exists stably as a unit copy plasmid,

this system is being used to study the molecular mechanisms involved in the

regulation of a stringently controlled replicon. I have found that with reaction

conditions that allow the replication of DNA carrying the origin region, plasmid

DNA carrying in addition the control region is not replicated. In vitro , the PI

initiator protein, RepA , binds to the origin and control region simultaneously,

causing the intervening DNA to loop as determined by electron microscopy. Our

interpretation is that this looping inhibits initiation. Replication ui vitro is

restored when seven or more of the nine RepA binding sites are deleted from the

control region or when wild-type RepA protein is substituted with RepA protein

isolated from a repA mutant that has aa increased copy number in vivo . I am

currently trying to understand what factors or conditions regulate looping such

that replication occurs once per cell cycle.
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Major Findings :

The mini-Pi replicon consists of an origin of replication, a replicon
specific initiator protein, RepA, and a control locus. The origin contains five

direct repeats of a 19 bp sequence to which RepA protein binds. About 100 bp to

the left there are two direct repeats of the 9 bp dnaA protein binding site.

Plasmids containing this origin are maintained at high copy number. The

replication control region, located 1 kb to the right of the origin, is required
to maintain mini-Pi plasmids at one copy per E. coli chromosome. This region
contains nine repeats of the RepA binding site. The obvious mechanism of

regulation by titration of RepA by the control locus is ruled out by the finding
that RepA is autoregulated.

We have cloned the origin with and without the control region in Ml 3 and tested
the RF DNA for RepA-dependent replication _in vitro . DNA containing the origin
alone is replicated ui vitro in a reaction requiring two origin specific DNA
binding proteins, dnaA and RepA. RNA polymerase, DNA gyrase, dnaB , dnaC and dnaG

proteins are also required. I have recently found that three E. coli heat shock
proteins, dnaJ, dna K and grp E are essential. Furthermore, dnaJ and RepA can be

isolated from cells as a protein complex. The dnaJ-RepA complex can be

reconstituted in vitro by mixing the two purified proteins and subjecting the

mixture to gel filtration. The complex contains equimolar amounts of the two

proteins and the native molecular weight of the complex suggests that it contains
a dimer of each protein. The role of this complex in replication is not known

but it is likely that this is a mechanism by which the plasmid directs the host
replication machinery to the plasmid origin. I am now isolating protein-DNA
complexes to understand how the nucleoprotein complex is assembled at the origin
and how the proteins function in initiation.

Using reaction conditions that allow the replication of DNA carrying the origin
region, plasmid DNA carrying in addition the control region is not replicated
in vitro even when RepA is added in a ten-fold excess relative to binding sites.

In collaboration with Dhruba Chattoraj (NCI, NIH), we have seen by electron
microscopy that RepA binds to the origin and control region simultaneously,
causing the intervening DNA to loop. Our interpretation is that this looping
inhibits initiation. In collaboration with Keith McKenney (GARB, NIST), we have
constructed deletions of the control locus. We have sequenced the deletions and
tested the DNAs for their ability to support RepA dependent replication in vitro .

DNA synthesis _in vitro is restored when the distal seven or more RepA binding
sites are deleted from the control region. We are currently testing these DNAs
for RepA dependent DNA looping J^ vitro to make a correlation between initiation
and inhibition of looping, Dhruba Chattoraj has isolated mutants in the repA
gene that are maintained at high copy number ^ vivo . I have purified one of the

mutant RepA proteins and found that replication of PI plasmid DNA containing the

origin and control locus is restored when the mutant RepA protein is substituted
for the wild-type protein. We are now determining whether or not the mutant RepA
protein is able to cause DNA looping. I am also trying to determine conditions
and identify factors that regulate looping such that replication occurs once per

cell cycle.

Publications :

None
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We have been studying the role that protein degradation plays in regulating
cell growth control, through the study of the proteases which carry out

ATP-dependent proteolysis in E. coli . The Lon protease has previously been
shown to degrade RcsA, a positive regulator of capsule synthesis, and SulA, a

cell division inhibitor. We have continued the analysis of capsule synthesis.
RcsC, a membrane protein, probably functions to sense environmental signals and

transmits this information to the positive regulatory protein RcsB. RcsA may

act directly on the regulated genes, or indirectly by affecting RcsB-RcsC
interactions. The Clp protease, a second major ATP-dependent protease, has an
ATP-binding subunit (ClpA) which shares homology with a family of proteins in

both eukaryotic and prokaryotic cells. The protease subunit of the Clp
protease (ClpP) contains a serine active site, and has only limited activity in

the absence of ClpA. Clp is induced anaerobically ; one target of Clp
degradation is excess ClpA subunit. A third energy-dependent protease, the Alp
protease, is capable of substituting for Lon under some conditions.
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Major Findings :

1

.

We have continued our analysis of the regulation of capsular polysaccharide
synthesis. The genes for RcsB, a positive regulator of capsule, and RcsC, a

membrane protein which exerts a negative regulatory effect on capsule, have
both been sequenced. The predicted protein sequence confirms the predictions
made from genetic studies that these proteins are member of the ubiquitous
regulatory effector-sensor types found in both gram positive and gram negative
bacteria. The sequence similarities with other sensors and effectors suggests
a possible mode of Interaction for RcsC and RcsB through phosphorylation. The

sequence of rcsC confirms its topology in the inner membrane as predicted from
fusions to phoA . The protein crosses the inner membrane twice, and has a large

cytoplasmic domain which presumably interacts with RcsB. The sequencing also
suggested that rcsB synthesis might be under the control of an unusual sigma
factor, the product of the rpoN gene. This prediction has been confirmed, and
suggests the possibility of other proteins participating in rcsB regulation.
The relationship of this regulation to the direct regulation of capsule
synthesis is still unclear.

2. RcsA, the unstable positive regulator of capsule synthesis, has been
overproduced under control of a T7 promoter. This overproduction will allow
the isolation of antibody to RcsA and the development of sensitive _in vivo
measurements of RcsA stability. In addition, we hope to be able to reconstruct
the regulatory circuit for capsule synthesis _in vitro; purification of RcsA
will undoubtedly be a necessary part of such a project. RcsB can also be

overproduced in a similar manner, rcsa , a mutant RcsA which increases capsule
synthesis even in cells containing the Lon protease (which normally degrades
RcsA rapidly and keeps capsule synthesis low) has been shown to contain a

mutation in the C-terminal half of the protein. Therefore, this mutation does
not affect synthesis, but may affect either activity or stability of RcsA.

3. We have continued our studies on the Clp energy dependent protease of

E. coli . Sequencing of the clpA subunit has demonstrated the existence of two

ATP binding domains within this 84,000 dalton protein. ClpA is highly
homologous to another protein in E. coli , as well as proteins from a variety of

both prokaryotic and eukaryotic organisms. All of these proteins share the two

ATP-binding domain structure, as well as extensive homology throughout most of

the protein. ClpA is the only protein in this group with a known function:
ATPase activity and participation as the regulatory subunit of an
energy-dependent protease. The existence of this family of conserved proteins
suggests the existence of Clp-like proteases in many organisms. The gene for

the ClpP subunit of the protease has also been cloned, mapped and inactivated.
The gene appears to be dispensable for E. coli. It maps about 2 kb upstream of
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the gene for the Lon ATP-dependent protease, but ClpP has relatively little
similarity in structure to Lon, and there as yet is no evidence of
co-regulation of these proteases. The active site serine of ClpP has been
identified by labeling with radioactive DFP; site-directed mutagenesis of this
site is also being carried out.

H. We have identified as substrates for the Clp protease the ClpA subunit
itself and ClpA-lacZ fusion proteins. In addition, lacZ fused to genes in the
ribose operon also creates fusion proteins which are subject to Clp-dependent
degradation. Since the degradation of the LacZ moiety in these fusion proteins
provides a color test for degradation ui vivo , we are in a position to analyze
the targets of Clp recognition by selecting and sequencing stable mutants. Use
of the clpA -lacA fusion has also indicated that clpA synthesis is anaerobically
controlled, and increases dramatically as cells enter late logarithmic growth.
Deletion analysis of the promoter and isolation of trans-acting regulators
should identify the molecular basis for this regulation. These observations
suggest that the natural substrates for Clp degradation may be found after a

shift from aerobic to anaerobic growth.

5. N protein of bacteriophage X can be degraded by Lon protease in a purified
in vitro system. We have begun directed mutagenesis of the cleavage sites in N

to analyze the basis of Lon recognition of its substrates.

6. The Alp proteolytic system, identified as a function which suppresses lon
mutants when present on multicopy plasmids, has been shown to increase
energy-dependent degradation of the Lon substrate SulA. Since this activity
is independent of either Lon or Clp, it seems likely that Alp increases the
activity of yet another energy-dependent protease in E. coli . Sequencing of
alp reveals a short open reading frame. It seems likely that the alp function
present on multi-copy plasmids is only the limiting component or regulator of a

larger protease. We can use the genetic screens which led to alp
identification to isolate mutations in these other components.

7. We have begun the isolation of E. coli mutations which interfere with
proper chromosome partitioning. By selecting cells which have increased
chromosome number, candidate mutations have been isolated and are being mapped
and further characterized.

Publications ;

Brill JA, Quinlan-Walshe C, Gottesman S. Fine-structure mapping and
identification of two regulators of capsule synthesis in Escherichia coli
K-12, J Bacterid 1988;170:2599-2611.

Katayama Y, Gottesman S, Pumphrey J, Rudikoff S, Clark WP, Maurizi MR.
The two-component ATP-dependent Clp protease of Escherichia coli:
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J Biol Chem 1988;263:15226-15235.
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SUMMARY OF WORK (Use sfndva unreOucaO type. Do not etoaaH tim space pnjumtait)

Cultured mouse fibroblasts which are malignantly transformed or treated with

TPA or growth factors such as PDGF synthesize and secrete the 39,000 Mr

precursor to cathepsin L in large amounts. Overproduction of cloned cathepsin

L in a nontransformed cell results in secretion of this lysosomal enzyme.

Cathepsin L is an active acid protease whether or not it is glycosylated.

Secreted procathepsin L can bind to the mannose 6-phosphate receptor of many

cells and be endocytosed and processed intracellularly. In antigen presenting

cells, procathepsin L uptake reduces the efficiency of antigen presentation,

thereby interfering with immune response. Transformation, TPA and PDGF

stimulate transcription. We have cloned a functional procathepsin L gene from

the mouse and have identified and sequenced the 5' flanking region which acts

as a promoter in CAT constructions. Regulated transcription requires sequences

in the first two exons and introns. A human procathepsin L cDNA has also been

cloned and sequenced. Recombinant human procathepsin L produced in bacteria is

enzymatically active. A deletion analysis of procathepsin L produced in

bacteria indicates that both the "pro" and the carboxy-terminal part of the

protein are needed for full activity. Polyclonal and monoclonal antibodies to

human cathepsin L have been prepared using the recombinant antigen.
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Major Findings :

1

.

Procathepsin L added to antigen-presenting cells which process and present
pigeon cytochrome C reduces the efficiency of antigen presentation. The

mechanism of this effect involves endocytosis of procathepsin L via mannose
5-phosphate receptors. Within the cell, cathepsin L protease activity is

presumed to destroy the antigen. This result suggests that one function of MEP

may be to alter the immune response of tumor bearing hosts.

2. Complete coding sequences for mouse and human MEP have been obtained. The
deduced amino acid sequences have been used to determine the cleavage sites in

preprocathepsin L to yield the secreted procathepsin L and the processed
lysosomal 29 kDa and 20 kDa forms.

3. The mouse MEP (procathepsin L) gene has been cloned and the promoter region
has been isolated. A 300 bp fragment upstream from the transcription
initiation site is an adequate promoter in MEP-promoter-CAT constructions.
Regulated transcription requires sequences in the first two exons and introns.

4. Cloned mouse and human procathepsin L can be transferred to mouse cells and
expressed at high levels using the pHaMDR l amplification system. High levels
of procathepsin L do not produce a transformed phenotype in NIH 3T3 cells, but
they do result in secretion of procathepsin L, indicating that overproduction
of this lysosomal protein is sufficient to result in its secretion.

5. Recombinant human procathepsin L has been produced in large quantities in

E. coli . Yields of approximately 0.5 g/IOL culture have been obtained. The
recombinant enzyme is active after solubilization in urea and reduction/
oxidation in glutathione above pH 10. A deletion analysis of the recombinant
human cathepsin L shows that both amino and carboxy-terminal sequences are
needed for activity. Glycosylation is not essential for activity of
cathepsin L.

6. Using recombinant procathepsin L produced in E. coli , we have prepared
both rabbit polyclonal antisera and mouse monoclonal antibodies to human
procathepsin L. These should be useful for determination of cathepsin L levels
in clinical samples.

Publications :

McCoy K, Gal S, Schwartz R, Gottesman MM. An acid protease secreted by
transformed cells interferes with antigen processing, J Cell Biol 1988;
106:1879-84.
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SUMMARY OF WORK (Usa s(WKMn> unnOucaO rypa. Do not aicaad tha spec* (mmoao.)
Receptors for key extracellular proteins such as fibronectin, collagen, and
laminin are thought to mediate adherence, migration, and invasion by tumor
cells, as well as analogous processes by certain normal cells. Membrane
glycoproteins that bind collagen or fibronectin are being characterized
biochemically and functionally. One collagen-binding protein is a
transformation-sensitive heat-shock protein, which has been characterized in
terms of biosynthetic steps and partial protein sequence. A second binding
protein, termed VLA-2 may be central to normal and tumor cell penetration of
collagenous matrices. Fibronectin receptors were shown to be altered in
quantity and/or distribution in vivo and iji vitro . For example, levels are
increased in Rous sarcoma-virus induced tumors, and its membrane localization
is altered in a variety of tumor cells. A similar alteration of distribution
to a diffuse pattern is found transiently in certain rapidly migrating
embryonic cells. Lateral mobility of fibronectin receptors in the membrane was
high in migrating cells, but lost as cells ceased migration and established
associations with fibronectin and cytoskeletal elements. The structure of
human fibronectin receptors was determined by a variety of electron microscopic
approaches; it has an unusual shape with two long stalk-like legs. Subunit-
speoific monoclonal antibodies elucidated fibronectin receptor function in a
variety of processes. The beta subunit, shared by other receptors, appears
required for normal cell attachment to fibronectin, laminin, and collagen. The
alpha subunit provides specificity. This fibronectin receptor was required for
organization of an extracellular fibronectin matrix, specialized adhesive
contacts, and thick intracellular microfilament bundles. It also restrains

!

migration of normal fibroblasts as part of its function in maintaining the i

stationary cell phenotype. It thus appears to play a central role in I

regulating normal cell adhesion and migration. Direct comparisons of its roles I

in migration and Invasion by malignant cells are in progress.
I
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Major Findings :

Receptors for key extracellular proteins such as fibronectin, collagen, and

laminin are thought to mediate adhesion, migration, and invasion by tumor

cells; they probably utilize mechanisms used transiently at certain steps in

embryonic development or wound healing by certain normal cells.

Characterization of these molecules should help elucidate mechanisms of

invasion and metastasis, as well as providing immunological and other
inhibitors.

Two collagen-binding proteins are being characterized and compared. The first

is a 47,000 dalton glycoprotein we previously found to be a transformation-
sensitive heat-shock protein. Its biosynthetic precursors and N-terminal
sequence were characterized; further amino acid sequencing will be needed for

its cloning. A second collagen-binding protein also known as VLA-2 is being
characterized, and appears to be a key receptor for cell migration and
invasion. The migration of both normal and malignant human cells in three-
dimensional collagen gels mimicking in vivo extracellular matrices appears to

require this receptor according to ongoing monoclonal antibody inhibition
analyses.

Although the fibronectin receptor is hypothesized to be involved in cell

migration and invasion, little was known experimentally about its functions.
Three approaches were taken: receptors were localized in normal and tumor

tissue, then in the plasma membrane of individual cells; the structure of the

fibronectin receptor was determined by electron microscipy; and its function
was analyzed by monoclonal antibodies and biochemical approaches.

The level of expression of fibronectin receptors was found to be elevated in a

classical experimental tumor system. Rous sarcoma virus-induced transformation
of fibrocytes to tumors resulted in a 4.7-fold elevation of fibronectin
receptor family members (integrins) in chickens. The localization of the

receptor was also disrupted from the normally clustered state to a diffuse
distribution. Such alterations in a motility-associated receptor may help
account for the invasiveness of certain tumor cells. Interestingly, in studies
nearing completion of squamous cell carcinomas, integrin receptors of the

fibronectin receptor family are also disrupted in localization, but overall
levels are decreased. It is likely, therefore, that integrin levels will be

found to be altered in malignancy-specific fashion, and that their
distributions may be of particular importance. Preliminary in vitro functional
studies using monoclonal antibodies indicate that integrins are important for

the migration of human tumor cells; fibronectin receptors themselves are needed
for migration of some, but not other, tumor cells. Contrary to a recent report
of decreased fibronectin receptors in transformed rat fibroblasts i^ vitro ,

human fibrosarcoma cells and virally-transformed fibroblasts do not appear to

show any decreases whatsoever in the levels of such receptors, but instead show
marked alterations in their processing and distribution. Malignancy-associated
alterations in integrins thus appear to be complex and deserve more careful
evaluation.

The significance of the diffuse versus clustered states of the receptor was
further evaluated in an unusual normal cell type. Transiently in development.
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very rapidly migrating embryonic cells also display a diffuse pattern
fibronectin receptors, which become clustered in focal contacts and streaks as

the cells mature and cease migration. The lateral mobility of these receptors
in the plane of the plasma membrane was measured by the fluorescence
photobleaching method. Their lateral mobility was high on rapidly migrating
cells, indicating relative freedom of motion, while mobility was quite low when
located in clusters on stationary cells. Their mobility apparently changes as

they associate with cytoskeletal elements and fibronectin fibrils when
migration ceases.

The structure and dimensions of isolated human fibronectin receptors were
determined using a variety of electron microscopic methods. Rotary shadowing,
negative staining, freeze-drying, and freeze-etching were combined with
computer modeling of deduced amino acid sequence data to generate a model of

the receptor. This receptor has an unusual structure, with a mushroom-shaped
head mounted on two long, spindly legs that protrude over 200 nm from the

plasma membrane. The leg contributed by the alpha subunit appears rich in

6 strands, while that from the beta subunit contains repeating EGF-like motifs
analogous to those in laminin. The model predicts that both subunits of the
receptor can contribute to the ligand binding site, which appears to be

confirmed by monoclonal antibody analyses of function.

Monoclonal antibodies against alpha and beta subunits of the human fibronectin
receptor were used to elucidate its major functions in normal human fibroblasts.
The beta subunit is shared by a variety of integrin receptors, and antibodies
against it inhibit cell adhesion to fibronectin, laminin, and collagen. The
alpha subunit appears to be required for initial cell adhesion to fibronectin,
but not for some of later adhesive steps. It is required for cell surface
retention and assembly of an extracellular fibronectin matrix, as well as for
the establishment of specialized adhesive contacts under cells (focal and ECM
contacts) and partially for organization of thick microfilament bundles. In
contrast to its apparent role in cell migration of malignant fibroblastic
derivatives, this receptor in normal fibroblasts is involved instead in

restraining migration, presumably through the specialized adhesive contacts.
These results suggest a central role for the fibronectin receptor in regulating
cell adhesion and migration. Direct comparisons of its roles in migration and
invasion by malignant cells are in progress.

Publications :

Nagata K, Hirayoshi K, Obara M, Saga S, Yamada KM. Biosynthesis of a novel
transformation-sensitive heat-shock protein that binds to collagen, J Biol Chem
1988;263:83414-49.

Nagata K, Saga S, Yamada KM. Characterization of a novel transformation-
sensitive heat-shock protein (HSP47) that binds to collagen, Biochem Biophys
Res Commun 1988;153:428-434.
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Saga S, Chen W-T, Yamada KM. Enhanced fibronectin receptor expression in Rous
sarcoma virus-induced tumors, Cancer Res 1988;48:5510-13.

Nermut MV, Green NM, Eason P, Yamada SS, Yamada KM. Electron microscopy and
structural model of human fibronectin receptor, EMBO J 1988;7:4093-99.

Duband J-L, Nuckolls GH, Ishihara A, Hasegawa T, Yamada KM, Thiery JP,

Jacobson K. Fibronectin receptor exhibits high lateral mobility in embryonic
locomoting cells but is immobile in focal contacts and fibrillar streaks in

stationary cells, J Cell Biol 1988;107:1385-96.

Akiyama SK, Yamada SS, Chen W-T, Yamada KM. Analysis of fibronectin receptor
function with monoclonal antibodies: Roles in cell adhesion, migration, matrix
assembly, and cytoskeletal organization, J Cell Biol 1989, in press.

Yamada KM, Yamada SS. Isolation of fibronectin receptors. In: Litwack G, ed.

Receptor Purification. Clifton NJ : Humana Press, 1989, in press.
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SUMMARY OF WORK (Um stMnHaitl meducad type. Do not exceed tfw spuce provided.)

The primary focus of work in the Molecular Genetics Section continues to be on
growth regulation in mammalian cells with investigation of growth inhibitory
activity emphasized within this framework. Several results of interest have
been obtained, i) Growth regulatory properties of 7SL RNA and Alu elements have
been shown to reside in two short DNA sequence motifs: the B block of the RNA
polymerase III promoter and an undecanucleotide, GAGGCNGAGGC, which is
homologous to papovavirus origins of DNA replication, ii) Screening of an
Okayama-Berg cDNA expression library has led to identification of several clones
differentially expressed in serum-starved and senescent human skin fibroblasts,
iii) A new procedure for construction of full length cDNA expression vector
libraries has been developed.
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Major Findings :

I. New methods to improve DNA-mediated stable transformation efficiencies.
This project is currently inactive; results are in press.

II. Application of gene transfer methods to detection of genes that regulate
cell growth.

A. Development of transfection/FACS assay: The development phase of this
project has been completed.

B. Construction of cDNA expression vector libraries. The unavailability
of full length cDNA expression vector libraries from non-proliferating
normal cells has been a major impediment to the isolation of growth
inhibitory genes. To address this problem, a new procedure for

construction of such libraries was developed. This procedure incorporates
several strategies to enrich for complete cDNA copies: i) mRNA/cDNA hybrid
products of first strand synthesis are selected by magnetic anti-CAP
monoclonal antibody to eliminate RNA templates degraded before or during
reverse transcription; ii) a synthetic primer for reverse transcriptase is

used so that, following linker addition, only cDNA products with a correct
3' end will generate appropriate cohesive ends for cloning; and iii)

internal restriction sites are protected by DNA methylases prior to

cleavage of linkers. The feasibility of the new cDNA cloning procedure has
been confirmed using a -globin mRNA model system.

C. Inhibition of HeLa cell replication: This project continues to be the
central focus of research in the the MGS. We are investigating the roleCs)
of RNA polymerase III (polJIlD-transcribed genes, specifically the 7SL
RNA/Alu family, in regulating mammalian cell growth. Over the past year,
the majority of experiments on 7SL RNA and Alu elements have concentrated
on mapping small DNA sequence motifs responsible for growth regulatory
properties of these sequences.

In view of the numerous correlations between pol III transcription and
growth regulation, we were interested in determining whether the B block of
the pol III promoter was required for either Alu- or 7SL RNA-mediated
inhibition of HeLa cell 3H-thymidine incorporation. This question was
approached by constructing B block-defective mutant derivatives from 7SL
RNA and Alu clones. A series of ui vitro transcription experiments using
HeLa cell extracts confirmed that these mutations reduced pol III promoter
activity in the respective constructs.

When wild type and B block defective derivatives were compared in

DEAE-dextran transfection assays, it was found that both B block mutations
completely abolished the capacity to inhibit Sn-thymidine incorporation.
From these results we concluded that a pol III promoter signal was required
for 7SL RNA- or Alu-mediated suppression of ^H-thymidine incorporation.
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An important possibility to consider in these experiments was that

intracellular 7SL RNA levels, and hence signal recognition particle (SRP)

function, could be substantially altered following transfection with 7SL

RNA or Alu genes. In principle, such an alteration could affect multiple
cellular functions, including growth rate, DNA and protein synthesis.

Northern blot and primer extension experiments were employed to demonstrate
that endogenous 7SL RNA levels in the sorted cell subpopulation were

unaffected by introduction of Alu sequences. Unexpectedly, total 7SL RNA

levels were also unaffected by transfection with a 7SL RNA plasmid. This
latter result suggests that 7SL RNA expression may be tightly regulated in

HeLa cells. Pol Ill-dependent Alu transcription appeared to be short-lived
in HeLa cells, since by 48 hrs post-transfection Alu transcripts were

undetectable by either Northern or primer extension analysis of total RNA,

whereas at very short times after transfection (e.g., 5 hrs) small Alu
transcripts were present by Northern analysis.

Alu sequences possess several copies of the GAGGC pentanucleotide motif
that is recognized by SVMO and polyoma T antigens in their respective
origins of DNA replication, and this motif has been reported to promote
replication of an Alu element in T antigen-containing COS cells. The 7SL
RNA gene also contains one copy of the sequence GAGGCNGAGGT, which is

located between the A and B block pol III promoter signals.

In order to assess whether this "ori" motif contributes to suppression of

3H-thymidine incorporation in our assay, we constructed two ori- Alu clones,

The first mutant contained a 6 bp deletion that removed the left pentamer
of the sequence GAGGCTGAGAC; in this clone inhibitory activity was
abolished. The second clone contained five point mutations within the ori

motif (GAGGCTGAGAC -> CATCCTTACAC) ; this latter mutant also exhibited
reduced inhibitory activity.

We also constructed a 7SL RNA gene ori- mutant by replacing its GAGGCTGAGGT
motif with the sequence GGGGCTGGGAT. The resulting ori- construct was
transcribed normally ui vitro , but its capacity to suppress 3H-thymidine
incorporation activity was lower than the parental clone. This result and
the results obtained with the two Alu ori- constructs suggest that HeLa
cells contain one or more proteins which share with SV40 T antigen the
capacity to interact at Alu/7SL RNA ori motifs.

To confirm that 7SL RNA/Alu family members alter growth as well as affect
3H-thymidine incorporation, growth curves on transiently transfected cell
subpopulations were performed. Such growth curve assays revealed that
cells which had taken up 7SL RNA or Alu plasmids divided more slowly than
control cells exposed to pUC19. Doubling times of 7SL RNA- or

Alu-transfected cells were extended by 1 .6-fold and >i4-fold relative to the
control in repeat experiments. HeLa cells transfected with a 7SL RNA gene
mutated in the pol III B block promoter motif grew faster than the pUC19
control

.
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An unexpected aspect of growth curve experiments was that
3H-thymidineinGorporation was not decreased in proportion to cell
proliferation in 7SL RNA or Alu transfected cultures. The reason for this
anomalously high 3H-thymidine incorporation is not clear and will be the

subject of future experiments; however, evidence from studies using the
FACS in conjunction with propidium iodide to measure cell cycle
characteristics and cellular DNA content suggest that 7SL RNA sequences
can, under certain transfection conditions, induce abnormal DNA synthesis
in the host cell.

In parallel with studies on the 7SL RNA/Alu family, growth regulatory
properties of other DNA sequences are in progress. Transfection studies
use =500 bp polymerase chain reaction-synthesized fragments containing
synthetic arrays of DNA-binding protein recognition sites. Sites from
negative regulatory regions within promoters of proto-oncogenes and other
growth-associated genes, as well as positive regulatory regions within
promoters of quiescence/senescence-associated genes, may provide "handles"
to identify intracellular growth inhibitory proteins.

D. Regulation of growth in cell types other than HeLa. Pooled
subfractions of an Okayama-Berg cDNA expression vector library from Werner
syndrome fibroblasts were tested for the capacity to inhibit 3H-thymidine
incorporation in normal human fibroblasts. The pool with the highest
activity was then used as a probe to detect genes that are differentially
expressed in Werner syndrome cells. Preliminary sequence analysis of

several cDNA clones isolated by this two step protocol has identified
fibronectin, pro-al(I) collagen, and nuclear lamin-related mRNAs. A full

length cDNA clone for the latter mRNA will be tested for growth suppression
activity.

Publications :

Corsico CD, Howard BH. Chloramphenicol acetyltransferase as a reporter in

mammalian gene transfer. In: Pollard JW, Walker JM eds. Methods in Molecular
Biology, Vol. 5. Clifton, NJ: Humana Press, Inc., 1989; in press.

Goldstein S, Fordis CM, Howard BH. Enhanced transfection efficiency and
improved cell survival after electroporation of G2/M-synchronized cells and
treatment with sodium butyrate, Nucl Acids Res 1989; in press.

Goldstein S, Murano S, Benes H, Moerman EJ, Jones RA , Thweatt R, Shmookler Reis
RJ , Howard BH. Studies on the molecular—genetic basis of replicative senescence
in Werner syndrom and normal fibroblasts, Exp Geront 1989; in press.

Holter W, Spiegel AM, Howard BH, Brann MR. Expression of GTP-binding proteins
during human T cell activation, J Immunol 1989: in press.

Howard BH. A potential role for interspersed repetitive sequence elements in

negative growth regulation. In: Wang E, Warner HR, eds. Growth control during
cell aging. Boca Raton, FL: CRC Press, Inc. 1989; in press.
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SUMMARY OF WORK (Use starxSara unreduced fyps. Do not exceed the space providad.)

Cyclic AMP binds to its receptor protein CRP, and induces a conformational
change (allosteric transition) in the protein. Cyclic AMP-CRP complex, and not
free CRP, binds at or near many promoters of E. coli in a sequence-specific way
and either represses or activates transcription. We have isolated and
characterized several classes of mutations in the crp gene, which identify the
amino acids participating in the cyclic AMP-induced allosteric shift in the
protein. On the basis of these results and the three-dimensional structure of
the protein, we proposed that cyclic AMP brings about: (1) a hinge
reorientation to release the DNA-binding F a-helices; (2) proper alignment
between two subunits; (3) an adjustment between the position of the two
domains in each subunit. Extensive amino acid substitutions at some of these
positions further supports our idea that a hinge movement involving
specific interhelical polar-polar interactions and Van der Waals repulsions
between side chains of defined amino acids are an essential part of the
activation of CRP. We have obtained mutants that are in a allosterlcally
frozen conformation that is uninducible by cAMP. These mutations impart a
defect in DNA binding and/or in transcription activation. This suggests that
CAMP- induced allosteric change is necessary not only for DNA binding but also
for CRP-RNA polymerase interaction. We are also studying the proposed CRP-RNA
polymerase interaction when bound to DNA by isolating mutants of CRP that are

I altered in this interaction and by changing the distance between the
corresponding DNA binding sites. The results suggest a specific DNA distance
between the two bound proteins for productive interaction. It is likely that
there is a complicated arrangement between the two sites, in terms of DNA

,

sequence and distance. We have found that CRP exerts an effect on the
translation of the gal E gene.

1
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Major Findings;

CRP : We are studying the cAMP receptor protein (CRP), a protein that binds to
DNA and can activate or transcription of many operons of Escherichia coli .

Study of such a protein provides a model system for investigations of
transcriptional activators and repressors, and provides information on
protein-protein interactions, DNA-protein interactions, and protein
conformation.

We are studying three aspects of CRP:

A. The cAMP-induced allosteric change.
CRP is inactive for site-specific DNA binding unless cAMP is bound. Cyclic AMP
binding to CRP causes the protein to undergo a conformational change. We have
previously isolated several classes of CRP mutants that are allowing us to
define how cAMP induces the allosteric change. We have found that the hinge
region connecting the cAMP-binding large domain to the DNA-binding small domain
is an essential participant in the cAMP-induced change.

1

.

The amino acid at the apex of this hinge in the wild-type protein is
aspartic acid. Using oligonucleotide-directed site-specific mutagenesis,
we have changed this amino acid to many other amino acids. We have
studied the _in vivo characteristics of these mutants; in addition, the
mutant proteins were purified and subjected to various biochemical
analyses. These analyses included DNA binding affinity, cAMP binding
affinity, and sensitivity ot proteolysis. Our results show that all
mutants bind cAMP normally, but four of the mutants have 100-fold less
affinity for DNA compared to wild type. Two of these four mutants are
still active _in vivo when overproduced and by proteolysis show the normal
CRP pattern with and without cAMP. The other two mutants are absolutely
inactive _in vivo, even when overproduced, and show a conformation, even in
the presence of cAMP, like that of CRP without cAMP. These latter two
mutants appear to be frozen in an intermediate conformation that is

defective in DNA binding and transcription activation. When overexpressed
they bind to the CRP binding site on DNA but still cannot activate
transcription. This suggests that the cAMP-induced allosteric change is
necessary not only to achieve higher affinity specific DNA binding, but
also to allow CRP to activate transcription.

2. We have continued studying a particular cAMP-independent mutant that
has changes at amino acids 142 and 144, around the hinge region. We have
performed detailed biochemical analyses of the purified protein. In
studying cAMP affinity for the mutant, it was found that cAMP binding was
positively cooperative, unlike cAMP binding to wild type CRP which shows
slight negative cooperativity . The wild type CRP shows cooperative
binding to cAMP only in the presence of DNA. THis suggests that this
mutant protein might have a conformation that normally CRP achieves only
upon DNA binding.
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B. How CRP activates transcription.
CRP most likely activates transcription through interaction with RNA polymerase.
Placement of the CRP binding site relative to the promoter is apparently very
important. We looked for DNA insertion between the CRP binding site and the
promoter that would still allow activation by CRP and found that only one
Insertion, one of 28 bp , had any activity. Screening hundreds of mutants of
different, random, length, (from 6 bp to 240 bp), we conclude that the spacing
requirement in DNA between two protein binding sites is rigid.

C. The physiology of CRP mutants.
Cells lacking CRP or cAMP exhibit phenotypes very different from wild type.
Preliminary work from this laboratory has suggested that the translation of the
galE gene is regulated by CRP. Expression of the galE gene is measured both by
UDP-gal epimerase assay as well as by 6-galactosidase assay in gal E- lacZ
translational fusions for CRP effects m vivo on gal E expression. We find that
there is increased translation of gal E mRNA in a crp mutant. We are
investigating the mechanism for this regulation. Possible explanations involve
a CRP binding site overlapping the translational start site.

OxyR : We have currently started working on another gene regulatory protein
OxyR that activates transcription of genes involved in turning on operons
involved in O2 induced stress in cells. (1) OxyR protein is now being
purified in large amounts to study it biochemically. (2) oxyR gene is being
mutated to define the different functional domains of the protein.

Publications :

Ren YL, Garges S, Adhya S, Krakow J. Co-operative DNA binding of heterologous
proteins: Evidence for contact between the cyclic AMP receptor protein and RNA
polymerase, Proc Natl Acad Scl USA 1 988 ; 85 : 41 38-U2.

Garges S, and Adhya S. Cyclic AMP-induced conformational change of CRP:
Intragenic suppressors of cyclic AMP-dependent crp mutants. J Bacteriol
1988;170:1417-22.
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Gal repressor protein negatively regulates the expression of the gal operon of
E. coli . Repression requires binding of repressor to two spatially separated
operator sites, Og and j . We have previously shown that simple occupation of
the two operators sites by repressor is not sufficient to achieve normal
repression and proposed that an interaction between two operator bound dimeric
repressors, giving rise to a DNA loop, is essential for repression.
The following experimental results strongly support our model of repression.
(1) We have shown that repressor dimers bound to Ow and Oj associate
generating a DNA loop as studied by electron microscopy. (2) We have
characterized a repressor mutant which binds to Og and Oj , but does not
tetramerize. This mutant protein when bound to DNA does not form a DNA loop as
studied by electron microscopy. (3) The mutant repressor fails to repress the
gal operon.

We have also discovered that in a cell devoid of Gal repressor, a derepressed
gal operon can be further induced two- to three-fold by the addition of
the inducer, D-fucose. In vivo operator titration assays suggest that the gal
operon is subjected to a new negative control under conditions when the
classical Gal repressor is removed from the cell.
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Major Findings :

We have previously shown in vivo that an interaction between the respective

dimeric Gal repressor molecules bound to two gal operators, Og and Oj is

required to repress the gal operon. Mere occupation of the two sites by

repressor is not sufficient for normal repression. We have also shown that Lac

repressor can also repress the gal operon, provided that the two gal operator
sequences are replaced by lac operator sequences. We are currently studying
whether other sequence specific DNA binding proteins can mimic Gal and Lac

repressor

.

We have now shown that purified Lac repressor bound to the operators form the

predicted DNA loop as observed under electron microscope. We have also

characterized both _in vivo and _in vitro a mutant repressor which fails to

repress the gal operon. We have proposed that the alteration has affected the

protein's ability to tetramerize, which is required for repression. The

prediction is confirmed by the following three observations:

1

.

The mutant protein binds to operators normally.

2. The mutant repressor when bound to DNA does not show DNA loop

formation in electron microscope.

3. Whereas the wild-type repressor is a tetramer, the purified mutant
repressor is a dimer.

We have shown that a complete deletion of the Gal repressor gene causes, as

expected, high level expression of gal operon without inducer. However, the

addition of inducer further elevates the level of expression by two- to

three-fold. To investigate this effect, we have constructed numerous fusions
of the -gal operon to the gene encoding B-galactosidase. Analysis of both gene
and operon fusions in the Gal-repressor deleted strains has shown that the

second level of Gal repressor independent induction of the gal operon is at the

level of transcription. Ln vivo competition binding experiments have suggested
that this control is mediated by a negative regulator, which acts by binding to

the same DNA segment that contains the gal operator promoter sequences. We are
currently trying to identify the negative regulator by isolating mutants
defective in this regulation.

Publications :

Wartell RM, Adhya S. DNA conformational change in Gal represser-operator
complex: involvement of central G-C base pair(s) of dyad symmetry, Nucl Acids
Res 1988;16:11531-41 .

Haber R, Adhya S. Interaction of spatially separated protein-DNA complexes for
control of gene expression: Operator conversions, Proc Natl Acad Sci USA
1988;85:9683-87.
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Irani H, Musso R, Adhya S. Cyclic AMP dependent switch in initiation of

transcription from the two promoters of the Escherichia coli gal operon:

Identification and assay of 5' triphosphate ends of mRNA by GTP:RNA
guanyltransf erase, J Bacteriol 1989;171:1623-30.

Adhya S. Multipartite genetic control elements: communication by DNA loop,

Ann Rev Genetics 1989, in press.

Zwieb C, Kim J, Adhya S. DNA bending by negative regulatory proteins: Gal and
Lac repressors. Genes and Development 1989; in press.

Majumdar A, Adhya S. Effect of ethylation of operator-phosphates on Gal

repressor binding: DNA contortion by repressor, J Mol Biol, in press.
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SUMMARY OF WORK (U3a sTanOaM unraducaa rypa. Do not axcaaO «w span p/mntmt)
I. Molecular cloning of a human cytosolic thyroid hormone binding protein.
A cDNA clone encoding a human cytosolic thyroid hormone binding protein (CTHBP)
has been isolated. The sequence of CTHBP was found to be homologous to the
subunit of rat pyruvate kinase, subtype M2 (PKM2). CTHBP, being a monomer, has
10-15X of the enzymatic activity of tetrameric PKM2. The tetrameric PKM2 lacks
binding activity for 3, 3' ,5-triiodo-L-thyronine (T3). Binding of CTHBP to T3
or its analogs resulted in the inhibition of pyruvate kinase activity. The
apparent Ki's of T3, L-thyroxine, and D-T3 are 30 nM, 100 nM, and 2 yM,
respectively. L-thyronine and reverse-T3 had no effect. This order of
activity correlates with the thermogenic effects reported for T3 and its
analogs. Since PK is a key enzyme in regulating cellular ADP, ATP, and
pyruvate, the present findings suggest that CTHBP may be involved in mediating
some of the cellular metabolic effects induced by thyroid hormones.
II. Molecular mechanism of thyroid hormone nuclear receptor-thyroid
horraone-DNA interaction.
Using a T7 expression system, large amounts of the human placental c-erbA
protein (hc- erbA-B) were expressed ind purified to apparent homogeneity.
Analysis of the binding data indicated that the purified hc- erbA-B binds to T3

,

with a Ka = 2.8 x 10^ M"'' and n = 0.3 mole/mole. It binds to 3, 3' ,5-triiodo-
1
L-thyropropionic acid, 3, 3'

, 5-triiodo-L-thyroacetic acid, D-T3, L-thyroxine and
!

3' ,5' ,3-triiodo-L-thyronine with HTSX, 120?, 39X, 7% and O.U respectively, of
;
the activity of L-T3. This order of binding activity of T3 analogs is similar
to that reported for the T3 nuclear receptor identified from tissues or

^ cultured cells. Furthermore, the purified hc-erbA-B binds to the T3 response

I

element of the rat growth hormone gene and the binding is hormone-independent.
The availability of large amounts of active hc- erbA-B should lead to the
understanding of the mechanism on its transcriptional regulation by T3 at the
molecular level. 78
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Major Findings :

I. Molecular cloning of a human cytosolic thyroid hormone binding protein.

'A human cytosolic thyroid hormone binding protein (CTHBP) was purified to

apparent homogeneity. The purified protein retains its binding activity and

specificity. To study its cellular functions and regulation, the cDNA encoding
CTHBP was isolated. Using two monoclonal antibodies against CTHBP, J11 and

J12, we screened a Xgtil expression library constructed from human thyroid
carcinoma. Two clones, TC6 and TCB, with a length of 2.2 Kb and 2.3 Kb,

respectively, were obtained. TCB is 79 bp longer than TC6 in the 3'

untranslated region with a poly A tail which is absent in TC6. TCB contains a

single open reading frame of 1593 nucleotides which encodes a polypeptide of

531 amino acids. A 29-amino acid partial sequence determined from the purified
protein matches the deduced amino acid sequence. In vitro translation of mRNA
prepared by transcription of the cDNA clone yielded a protein with the expected
molecular weight of 58,000 and was recognized by Jll and J12. The size of mRNA
In several human cultured cells hybridizable to TCB is -2.4 Kb. These results
indicate that TCB a full-length cDNA which encodes CTHBP.

The sequence of CTHBP was found to be very similar to that of the subunlt of

rat pyruvate kinase, subtype M2 (PKM2). The degree of homology between these
two proteins is 91 % at the level of nucleotide sequence and 97? at the level of

amino acid sequence. CTHBP, being a monomer, has 10-15? enzymatic activity of

PKM2. Its PK activity is Inhibited by T3, L-thyroxine and D-T3 with an
apparent Kl of 30 nM, 100 nM, and 2000 nM, respectively. L-thyronine and
reverse-Tg had no effect. This order of activity correlates with the

thermogenic effects reported for T3 and its analogs. Since PK is a key enzyme
in regulating cellular ADP, ATP, and pyruvate, the present findings suggest
CTHBP may be involved in mediating the cellular metabolic effects induced by T3.

The role CTHBP plays in mediating T^-lnduced thermogenesis and other metabolic
effects is currently being studied.

II. Molecular mechanism of thyroid hormone nuclear receptor-thyroid
hormone-DNA interaction.
Recent studies have shown that c-erbA protein is the thyroid hormone nuclear
receptor (NR). To study structure-function relationships and to understand its

three-dimensional structure by x-ray cyrstallography , large amounts of purified
NR are needed. Since the successful purification of large amounts of purified
NR from tissues has not been reported, we have adopted the recombinant DNA

technique to produce it in Escherichia coll . An expression vector which
contains a T7 phage promoter and the coding region of the human placental
(c-erbA-B) was constructed. Upon Induction with isopropyl-1 -thio-g-D-
galactopyranoside, large amounts of hc- erbA-B were expressed. The majority
(70?) of the hc-erbA-B expressed was concentrated in the insoluble inclusion
bodies. The hc- erbA-B was solubillzed with guanidinium-HCl, renatured and
purified. From one liter of E. coli culture, 1 . 5 - 2 mg of purified hc-erbA-g
was obtained. Analysis of the binding data indicated that the purified
hc- erbA-B protein binds to T3 with a Ka of 5.9 x 10^ M'^ . It binds to
3' - isopropyl- 3, 5-diiodo- L-thyronine, 3,3' ,5-triiodo-L-thyroproplonic acid,
D-T3, L-thyroxine and 3' , 5' , 3-triiodo-L-thyronine with 312?, 195?, 31?, 8?, and
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0.]%, respectively, of the activity of L-T3. This order of binding activity of

the analogs is similar to that reported for the NR isolated from the nuclei of

tissues of cultured cells. An oligomer containing the 29 bp sequence of the

rat growth hormone gene response element (rGHRE), extending from -I86 to -158

bp from the CAP site, was synthesized. The purified hc-erbA-g protein binds to

the rGHRE, whereas only background binding was detected when a control oligomer

with a sequence corresponding to the adenovirus 5 element was used. These

results indicate that the purified hc-erbA-g is active. The availability of

large amounts of the active NR should make it possible to study the molecular

nature of receptor-hormone-DNA interaction by physio-chemical and biochemical

methods.

Publications ;

Fukuda T, Willingham MC , Cheng S-y. Antipeptide antibodies recognize c-erbA

and a related protein in human A431 carcinoma cells, Endocrinology 1988;

123:26^16-2652.

Obata T, Fukuda T, Willingham MC , Ling C-M, Cheng S-y. A cytoplasmic thyroid

hormone binding protein: characterization using monoclonal antibodies.

Biochemistry 1989;263:517-623.

Cheng S-y, McPhie P. Rhodamine b-labeled thyroid hormone forms high molecular

weight aggregates in solution: A possible source of artifacts in binding

experiments. Anal Biochem 1989;176:440-443.
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Pseudomonas exotoxin (PE) or genetically modified forms of PE have been
attached to monoclonal antibodies (mAbs) or growth factors to create
cell-specific cytotoxic agents. Native PE attached to mAb 0VB3 is cytotoxic to
ovarian cancer cells, inhibiting the growth of ovarian cancer in mice, and is
being currently tested in women with ovarian cancer. Mutant PE molecules in
which domain I has been replaced by TGFa, IL2, IL4, or IL6 have been created by
gene fusion and the chimeric proteins produced in E. coli . IL6-PE40 is
cytotoxic to some myeloma cells. COM has also been fused to PEUO to create
CD4-PE40, a chimeric toxin which kills cells infected with HIV. Such molecules
may be useful in the elimination of tumor cells or other cells responsible for
several human diseases.
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Major Findings :

Pseudomonas toxin is a single chain bacterial toxin which has been genetically
modified so that it selectively kills cancer cells and other cells which bear

specific cell surface receptor molecules. Using an E. coli expression system,

various mutant forms of PE have been prepared in order to determine which

portions of the molecule are required for optimal cell killing activity. These
studies have shown that deletion of all of domain I (amino acid 1-253) yields a

molecule (PE40) which has very low cytotoxic activity because it no longer
binds to the PE receptor that is present on all cells. When domain I is

replaced with different cell targeting molecules, novel chimeric toxins are

created which kill specific types of cells. These include TGFa-PE40 which
kills many cancer cells with EGF receptors, IL2-PE40 which kills cells
including leukemia cells with IL2 receptors, IL4-PE40 which kills cells with
IL4 receptors, and IL6-PE40 which kills certain myeloma cells. To kill HIV

infected cells, domain I was replaced with CD4 to create a hybrid molecule
(CD4-PE40) that kills HIV infected cells because it binds to the envelope
protein gp120 present on the surface of cells producing the AIDS virus.

Methods have been developed which allow the preparation of- large amounts of

these proteins in pure form.

IL2-PE40 was found to be cytotoxic to cells bearing either the p55 of the p75
subunit of the IL2 receptor but much more cytotoxic to cells with both receptor
forms reflecting the fact that the high affinity receptor is rapidly
internalized. Activation of mouse T cells by Concenavalin A or by mixed
leukocyte culture also rendered the T cells IL2-PEM0 sensitive due to

expression of IL2-receptors. Several models of animal diseases known to be

associated with enhanced IL2 receptor expression were used to evaluate possible
therapeutic effects of IL2-PE40. IL2-PE40 treatment was found to tolerize mice
so that they would accept cardiac allografts and to suppress the adjuvant
induced arthritis in rats. In both instances, it is assumed that the agent
works by selectively eliminating clones of cytotoxic T cells.

In patients with AIDS, HIV replicates in T cells ultimately leading to the
destruction of CD4 positive cells. In a therapy designed to eliminate infected
cells and arrest viral spread, a portion of the CD4 molecule was fused to PE^iO

to create CD4( 1 78)-PE40; this protein binds to and kills HIV infected cells.
CD4-PE40 not only kills cells infected with different strains of HIV, but it
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also suppresses the spread of HIV in mixed cultures of infected and uninfected
cells. These properties are essential if the agent is to be effective in the

treatment of patients with AIDS. CD4-PE40 is now undergoing preclinical
studies.

Active immunotoxins have been created by chemically coupling PE or PE40 to

antibodies. Using gene splicing techniques, a novel single chain immunotoxin

has been created in which the COOH end of the Vpj domain of an antibody is

attached to the amino end of a V^ domain by a linker peptide and the carboxyl
end of the V^ domain is attached to PE40. Using this strategy, an

anti-Tac(Fv)-PE40 molecule was made in E. coli and shown to be cytotoxic to

cells bearing human IL2 receptors.
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Resistance to multiple drugs is a major impediment to the successful
chemotherapy of human cancers. One mechanism of multidrug-resistance is the
expression of a 170,000 dalton energy-dependent drug efflux pump
(P-glycoprotein) which confers resistance to colchicine, adriamycin,
vincristine, vinblastine, puromycin, and actinomycin D. ATP-dependent
transport of vinblastine has been demonstrated using membrane vesicles from MDR
cells. This transport is inhibited by vincristine, daunomycin, actinomycin D

and colchicine as well as verapamil, quinidine and other drugs which reverse
multidrug-resistance. Expression vectors into which the MDR 1 cDNA is cloned
confer the complete MDR phenotype on drug-sensitive cells, as does a retrovirus
carrying the MDR 1 gene. A chimeric P-glycoprotein, in which a functional
adenosine deaminase (ADA) molecule is attached to the C-terminus, has been
constructed. When introduced into dog kidney epithelial (MDCK) cells, the MOR I

cDNA is expressed on the apical surface of the epithelia, and allows transport
of drugs such as vinblastine, daunomycin, actinomycin D and verapamil.
Transgenic mice carrying the human MDR 1 gene expressed in bone marrow, are
resistant to duanomycin-induced leukopenia. Expression of MOR I RNA and
P-glycoprotein normally occurs in kidney, liver, colon, and adrenal and in
tumors derived from these tissues which are intrinsically resistant to
chemotherapy as well as several other tumors. Acquired drug-resistance in
leukemia, lymphoma, neuroblastoma, rhabdomyosarcoma, pheochromocytoma, breast
and ovarian cancer may be associated with increased MDR1 RNA levels.
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.

Membrane vesicles prepared from MDR cell lines transport vinblastine in the

presence of ATP and an ATP regenerating system. This transport is inhibited by

the drugs vinblastine, daunomycin, actinomycin D and colchicine, and by several

drugs which reverse the MDR phenotype including verapamil, quinidine, diltiazem

and nifedipine.

2. Transgenic mice carrying BAP-MDR, MT-MDR, and SV-MDR expression vectors

have been constructed. One line of gAP-MDR mice has been studied in detail.

Expression of human MDRl mRNA has been found in several tissues of these
transgenic mice including bone marrow and spleen. These mice are resistant to

daunomycin-induced leukopenia.

3. Normal kidney, liver, colon, small intestine and adrenal express
P-glycoprotein. In kidney, liver, colon and small intestine, P-glycoprotein is

located on the apical (lumenal) surfaces of transporting epithelia, consistent
with a transport function for this protein. Specialized capillary endothelial
cells of the brain and testes also express P-glycoprotein.

4. MDCK cells form epithelia which transport vinblastine, vincristine
daunomycin actinomycin D, and verapamil from their basal to their apical
surfaces. MDCK cells infected with the human MDR l gene show increased
transport of these agents. These results support the model of the

P-glycoprotein as a multidrug transporter capable of carrying out

transepithelial transport.

5. The MDR l gene is expressed in untreated human tumors including many tumors
derived from the colon, kidney, adrenal gland, liver and pancreas in addition
to chronic myelogenous leukemia in blast crisis. Occasionally elevated
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expression is found in other untreated tumors such as neuroblastoma, acute
lymphocytic leukemia in adults, acute non-lymphocytic leukemia in adults,
carcinoid tumors, indolent non-Hodgkins lymphoma and in cell lines of non-small
cell carcinoma of the lung with neuroendocrine properties. Increased
expression was detected in some tumors at relapse after chemotherapy including
acute lymphoblastic leukemia of childhood, neuroblastoma, rhabdomyosarcoma,
pheochromocytoma and nodular poorly differentiated lymphoma. Other untreated
tumors usually express poorly differentiated lymphoma. Other untreated tumors
usually express undetectable or low levels of MDr l RNA; these include head and
neck cancer, Wilm's tumor, esophogeal cancer, breast cancer, ovarian cancer,
small cell carcinoma of the lung, and other non-small cell carcinomas of the
lung, the evaluation of MDR1 expression in both intrinsic and acquired drug
resistance may prove to be a valuable tool in the design of chemotherapeutic
protocols.

5. MDR 1 RNA can be detected semiquantitatively by u: situ hybridization
analysis in MDR tissue culture cells. Loss of resistance occurs by segregation
of amplified genes in a heterogeneous manner with small "islands" of MDR RNA
positive cells remaining. Iji situ hybridization shows some promise as a
technique for clinical detection of MDR 1 RNA positive tumors in which
expression of RNA might be heterogeneous.

7. A chimeric protein consisting of P-glycoprotein with adenosine deaminase
(ADA) attached to its C-terminus has been created. The cDNA for this chimera
when expressed in drug-sensitive NIH 3T3 cells under control of the HaMSV
promoter, renders cells multidrug-resistant and increases ADA activity.
Selection in increasing concentrations of colchicine results in increased
expression of the multidrug transporter and increased ADA activity. This
chimeric protein is potentially useful for gene therapy of ADA deficiency.

8. Several polyclonal antibodies have been prepared against synthetic peptides
and fragments fo P-glycoprotein expressed in E. coli . These antisera are
useful reagents for immunoprecipitations and Western blots, and their
specificity for specific regions of P-glycoprotein allows their use to dissect
the function of different regions of the molecule.
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The production of transgenic mice constitutes a powerful approach to the study
of gene function and regulation. We are using this new technology to
investigate two important aspects of cancer progression: the ability of
malignant cells to escape destruction by chemotherapy, and the role of
oncogenes and growth factors in the development of the transformed phenotype.

Transgenic mice which contain a human gene ( MDR 1 ) encoding a multidrug
transporter (P-glycoprotein) capable of conferring multidrug resistance have
been generated. Expression of the human MDR 1 gene was detected in the normally
drug-sensitive bone marrow of several lines of transgenic mice. The transgenic
bone marrow became resistant to the cytotoxic effects of the drug daunomycin.

[

Since bone marrow suppression is a major drawback to the use of chemotherapy,

I

these transgenic mice will be used as a model to determine if higher doses of

j

drugs can cure previously unresponsive cancers.

!
The epidermal growth factor (EOF) receptor serves as an intermediary to the

j

potent mitogens EGF and transforming growth factor alpha (TGFa), and is the

j

cellular homolog of the avian erythroblastosis virus erb B oncogene product. To
!
elucidate the role that EGF receptor and its ligands play in growth control and
transformation, we made mice bearing either the human EGF receptor gene or the
human TGFa gene. In both cases the transgene was expressed in a wide variety

.
of mouse tissues. Studies are underway to determine the effects of
overexpression and inappropriate expression on the developing and adult mouse.
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Major Findings :

Transgenic mice have been made by microinjecting a variety of purified DMA
fragments into one-cell mouse embryos (either C57BL/& X SJL hybrid mice or CD-I

outbred mice). The resulting embryos were reiraplanted into pseudopregnant CD-I

foster mothers. Tail DNA from two week old offspring was analyzed for foreign
DNA integration. Mice containing the transgene were expanded and lines
established.

A human gene has been isolated ( MDR 1 ) that encodes a 170 kDa glycoprotein
(P-glycoprotein) capable of conferring multidrug resistance to animal cells
(see Annual Report Number Z01 CB 0875^-06 for details). Several lines of

transgenic mice were generated carrying the MOR I cDNA driven by the chicken
6-actin gene promoter. Transgenic RNA and protein have been detected in the
bone marrow, which is normally extremely sensitive to chemotherapeutic agents.
By injecting one such agent, daunomycin, into normal and transgenic mice we
have been able to demonstrate that the transgenic bone marrow becomes drug
resistant, and bone marrow suppression is greatly ameliorated. These mice are
being used as a model to test the efficacy of using higher doses of

chemotherapy to cure previously unresponsive cancers.

In collaboration with D. Lowy, we have found that mouse NIH3T3 cells infected
with a retrovirus carrying the EGF receptor coding region overexpress the
receptor, undergo EGF-dependent transformation in tissue culture, and form
large tumors in nude mice. We concluded that overexpression of the EGF
receptor or its ligand can contribute to the appearance of the transformed
phenotype in cells in culture. To examine the effects of overexpression in
vivo , we made transgenic mice carrying human cDNAs encoding either the
EGFreceptor or its ligand, TGFa. Mice containing the EGF receptor gene driven
by the chicken 6 actin promoter expressed receptor RNA in a wide variety of
mouse tissues. Another line was generated in which the TGFct gene was driven by
the mouse MT-1 metallothionein gene promoter. In this line, inducible TGFct

expression was also detected in a number of tissues, as well as the blood and
urine. Preliminary results suggest that several mouse tissues are sensitive to
the presence of these transgene products. We are using these mice as models to
test the consequences of overexpression of EGF receptor and/or its ligand in
tissues of the developing and adult mouse.

In a related project intended to determine the transcriptional mechanism by
which cellular oncogenes such as the EGF receptor gene are regulated, the
receptor gene promoter was isolated and characterized by protein-binding assays
and mutagenesis analysis (see Annual Report Number Z01 CB 08000-19 for details).
For example, I have identified a protein binding site that is both necessary
for optimal expression in cultured cells and sensitive to single-stranded
nucleases. Nuclease sensitivity has been shown to be associated with altered
DNA structure and activity. To validate transfection assays and to determine
how the promoter functions _in vivo, promoter fragments were placed upstream of
the chloramphenicol acetyltransferase (CAT) gene, and the resulting hybrid DNAs
used to make transgenic mice. A number of such transgenic lines have now been
made, and are presently being analyzed to determine the pattern of expression
of this proto-oncogene promoter.
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Publications ;

Kageyama R, Merlino GT, Pastan I. A transcription factor active on the
epidermal growth factor receptor gene, Proc Natl Acad Sci USA
1988;85:501 5-5020.

Johnson AC, Jinno Y, Merlino GT. Modulation of EGF receptor proto-oncogene
transcription by a promoter site sensitive to SI nuclease, Mol Cell Biol
1988; 8:417^^-4184.

91



PROJECT MUMBES
DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT Z01 C3 08757-02 LM3

PERIOD COVERED
October 1, 1988 to September 30, 1989

TITLE OF PROJECT (30 cfiancten or lea. riDa must tit on arm Una batwaeti tn» txnierz.)

Development of Immunotoxins for Cancer

PRINCIPAL INVESTIGATOR (Ust other prateasional penontat OaMw the Pnnctpat Investigator.) (Name. aOa. latjorator/. and iraotuta a/fOUxvi;

PI: D. J. FitzGerald Microbiologist LMB

,

MCI

Other: I. Pastan Chief, Laboratory of Molecular Biology NCI
M, C. Willingham Chief, UCS LMB, NCI
M. Ogata Visiting Fellow LMB, NCI
J, Batra Visiting Associate LMB, NCI
T. Idziorek Visiti'ng Fellow" LMB, NCI

COOPERATING UNITS (it any)

J. Pearson, FCRF J. Shiloach, BioPilot Plant, LCDB, NIDDK
D. Longo, FCRF R. Heinrikson Upjohn Company

UVe/BRANCH
Laboratory of Molecular Biology

SECTION

Ultrastructural Cytochemistry Section

INSTITUTE AND LOCATION

NCI, NIH, Bethesda, MD 20892

TOTAL MAN-YEARS;

4.0
PROFESSIONAL

3.0 1 .0

CHECK APPROPRIATE 80X(ES)

(a) Human subjects D (b) Human tissues D (c) Neither

n (a1) Minors

n (a2) Interviews

SUMMARY OF WORK (Use stannaitl unraducml type. Do not aaaaH the ipaca pro¥iaa<t.)

To study the structure-function relationships of Pseudomonas exotoxin (PE):
1) A series of ten monoclonal antibodies were selected. Eight of these were
further characterized and shown to react with either domains II, lb, or III of
PE. Only two of the eight antibodies reacted with native PE . The other six
were presumed to react with cryptic epitopes, since they became exposed when PE
was immobilized on nitrocellulose or denatured with urea and DTT. 2) The
hydrophobic properties of PE were explored. Full length PE or domains I, II,
and III were each shown to bind more detergent at pH 4.5 than at pH 7.0. 3)

PE has an amino acid sequence resembling a consensus cleavage site for HIV
protease. While PE was not degraded by this protease, PE40 was susceptible and
was cleaved between residues 389-390.

PE-related immunotoxins: 1) Large quantities of LysPE40 are required for
immunotoxin production. A method was developed to produce gram quantities of
LysPE40. BL21 (DE3) was transformed with the plasmid pVC85 and grown to a very
high density (absorbance of 40 units/ml at 650 nm was typical). The conditions
required to achieve this level of growth included supplying gaseous oxygen,
controlling pH by the addition of ammonium hydroxide and maintaining adequate
glucose. Crude LysPE40 was then purified using Q Sepharose , QMA, Mono S and
gel filtration chromatography. 2) LysPE40 immunotoxins were made with the

j

following antibodies: 225 (anti-EGF R), HB21 (anti-TF R), antiTac (anti-IL2R),

I

0VB3 (anti-ovarian Ca), anti-CD3, anti-CD5, and anti-CD33. 3) OVB3-LysPE40 is
poorly cytotoxic, primarily because the 0VB3 antigen is not well internalized.

' To increase the rate of endocytosis, and thereby enhance cytotoxic activity,

j

transferrin was chemically coupled to OVB3-LysPE40 . This produced a conjugate
i

that is about ten-fold more active than OVB3-LysPE40 . 4) Other methods of '

enhancing immunotoxin activity used verapamil analogs. '

I i I
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Major Findings :

PE Structure-Function
PE is a proenzyme and must be unfolded, or activated by some other means, to

express full ADP-ribosylating activity. PE40 lacks the toxin's binding domain
and is also characterized by having full ADP-ribosylating activity. Thus, no

unfolding of PE40 is necessary to obtain full ADP-ribosylating activity. To

study how PE is unfolded, a series of monoclonal antibodies was isolated to

PE40. Ten murine monoclonal antibodies (all IgGs) that reacted with PE were

initially selected and eight of these were characterized further. Two of these

eight appeared to bind epitopes that are exposed on soluble forms of PE and
PEifO. The other six antibodies reacted well with PEilO, but PE had to be

denatured or immobilized on nitrocellulose before reactivity could be

demonstrated. A strong correlation was observed between conditions known to

activate ADP-ribosylating activity and conditions needed to expose the cryptic
epitopes. These antibodies will be used to study the activation and processing
of PE within cells.

PE enters cells via coated pits and endocytic vesicles of low pH. Exposure to

low pH is thought to be necessary before PE, or an active fragment, can gain

access to the cell cytoplasm. Because of this, evidence was sought for low
pH-dependent hydrophobic changes within PE or its various domains. Native PE,

domain I, domains II-III, and domain III were incubated with Triton X-ll^ at

pHs between 7.0 and 3.0. At pH 4.5 and below, there was a significant increase
in the hydrophobicity of all these proteins. Thus, at low pH, PE becomes
"globally" hydrophobic.

PE40 as a Substrate for HIV Protease
The protease encoded by HIV is necessary to produce infectious virions.

However, the mechanism by which it releases itself and other proteins from the

HIV polyprotein is currently poorly understood. The HIV protease is thought to

act by cleaving multidomain proteins in between their structural domains.

Since the three-dimensional structure of PE is known and consists of three

structural domains, it and PE40 were tested as potential substrates. A propsed
consensus cleavage site was noted between domains II and III at residues
394-395. When mixed with purified HIV protease, PE was not cleaved. However,

PE40 was cleaved and at only one site. Unexpectedly, this was between residue

389 and 390 and not 394-395. CD4-PE40 was also cleaved at the 389-390 site.

lysPE40
LysPE40-immunotoxins were made with the following antibodies: 225 (anti-EGF
receptor), HB21 (anti-TF receptor), antiTac (anti-IL2 receptor), 0VB3
(anti-Ovarian Ca), anti-CD3, anti-CD5, and anti-CD33. OVB3-lysPE40 was poorly
cytotoxic, primarily because the 0VB3 antigen is not internalized very

efficiently. Determinations made by indirect immunofluorescence showed that

neither the 0VB3 antibody nor OVB3-lysPE40 were internalized after incubations
for one hour at 37°C. In contrast, OVB3-PE was internalized quite well. Thus,

some feature of the PE binding domain mediates the internalization of the 0VB3
antibody. To increase the rate of endocytosis and, thereby, enhance cytotoxic
activity, transferrin was chemically coupled to OVB3-lysPE40. This produced a

conjugate that was about ten-fold more active than OVB3-lysPE40. This type of

conjugate was made in one of two ways. In the first instance, a

transferrin-lysPE40 conjugate was made and this was coupled to the 0VB3
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antibody (0-TlysPE40) , and in the second, transferrin was coupled to

OVB3-lysPE40 (T-01ysPE40) . Both types of conjugate were cytotoxic and this
activity was displaced by either excess transferrin or excess 0VB3.

Other methods of increasing immunotoxin activity were also explored. Various
verapamil analogs were shown to enhance the activity of both PE-immunotoxins
and ricin A chain immunotoxins.

Publications :

Kondo T, FitzGerald D, Chaudhary V, Adhya S, Pastan I. Activity of

immunotoxins constructed with modified pseudomonas exotoxin A lacking the cell
recognition domain, J Biol Chem 1988;263:9470-5.

Pirker R, FitzGerald DJP, Willingham MC , Pastan I. Enhancement of the activity
of immunotoxins made with either ricin A chain or Pseudomonas exotoxin. Cancer
Res 1988;48:3919-23.

Jinno Y, Chaudhary VK, Kondo T, Adhya S, FitzGerald DJ, Pastan I, Mutational
analysis of domain I of pseudomonas exotoxin: Mutations in domain I of

pseudomonas exotoxin that reduce cell binding and animal toxicity, J Biol Chem
1988;263:13203-7.

FitzGerald D, Pastan I. Pseudomonas exotoxin and derived conjugates:
Interactions with mammalian cells. In: Steer CJ, Hanover J, eds.
Intracellular Trafficking of Proteins. England: Cambridge University Press,
1989, in press.

Pearson JW, FitzGerald DJP, Willingham MC , Wiltrout RH, Pastan I, Longo DL.

Chemo-immunotoxin therapy against a human colon tumor (HT-29) xenografted into
nude mice, Cancer Res 1989; in press.

FitzGerald D, Pastan I,

J Natl Cancer Inst 1 98<

Targeted toxin therapy for the treatment of cancer,
in press.
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SUMMARY
Annual report of the Laboratory of Biochemistry, National Cancer Instiuite

October 1, 1988 to September 30, 1989

As in the past, the diverse research projects of the Laboratory of Biochemistry reflect the

organization of the laboratory into many independent groups with different interests and expertise.

However, these differences have become less evident since several groups interested in the

control of gene expression have turned their attention to the isolation and characterization of trans-

acting regulatory proteins and groups studying cellular regulation or protein structure have been

involved in cloning and expressing proteins in bacterial and eukariotic cells. This transition has

been facilitated by the presence in the laboratory of complementary expertise and has increased the

interactions among the members of the laboratory. The laboratory staff welcome the participation

of Shelby Berger and her colleagues, who joined the Laboratory this spring, to our weekly

informal seminars. Shelby brings to the laboratory a new interesting problem on the regulation of

cell division, valuable experience in protein chemistry and molecular biology and a critical mind.

THE CONTROL OF GENE EXPRESSION .

The regulation of gene expression remains the focus of interest for many members of the

Laboratory. During the last year major progress has been made in the isolation and

characterization of several trans-acting regulatory proteins.

Carl Wu's group has continued to study sequence-specific DNA-binding proteins in

Drosophila . focusing on those binding at the heat shock genes and the segmentation gene fushi

tarazu . ftz. A major achievement this year was cloning of heat shock gene transcriptional

activator, or Heat Shock Factor, HSF. Another important finding was the demonstration that

HSF, which exists in an inactive conformation, can be activated in vitro by exposure to heat, low

pH or an antibody raised against the active form of HSF suggesting that a conformational change

may be responsible for heat activation. It is hoped that elucidation of the nature of this structural

change will provide insight into the mechanism by which this key signal transducer senses

environmental stress and transmits the signal to the transcriptional machinery. The heat shock

gene will be used as a model to study the cooperative or competitive interactions between

nucleosomes and transcription factors by in vitro reconstitution experiments. These studies may
help to clarify the role of histone proteins in controlling gene activity in higher cells. The second

project under study by this group deals with the regulation of gene expression allowing temporal

and spatial expression of the ftz gene during Drosophila development. A DNA-binding factor

that interacts with the ftz gene, ftzl, has been isolated. The function of ftzl has been studied in

vivo in transgenic flies and shown to be involved as a positive transcription factor in specific

segments of the early embryo.

Another aspect of regulation of gene expression during development is being studied in

Bruce Paterson's laboratory. This group is focusing on the regulation of genes associated with

muscle development and on characterization of the genes involevd in myogenic determination.

They previously identified d^-acting elements involved in the developmentally regulated

expression of muscle specific genes. They have now shown that the regulated expression of a-
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actin and some myosin light chain genes in muscle is the result of a complex interplay of negative

and positive regulatory proteins binding at the same DNA regulatory regions. The suppression

of the P-actin gene in differentiated muscle is controlled by a ds -acting element in the 3'

noncoding region of the gene. This element imparts the P-actin regulatory pattern when inserted,

in either orientation, within the transcriptional unit of any gene expressed in a muscle cell

background. A related and exciting development is the isolation of the CMDl gene which is

involved in the determination of the myogenic phenotype. BUdR, a thymidine analog that inhibits

myogenesis, also inhibits the expression of CMD 1 and may explain how the drug blocks

differentiation. Expression of CMDl in BUdR-treated cells will activate a cotransfected muscle

specific promoter and, in some cases, the endogenous muscle genes. The isolation and mode of

action of the CMD 1 gene product has become a major concern for the group led by Bruce

Paterson.

This year Dean Hamer and his colleagues have made an important breakthrough in then-

understanding of how copper regulates metallothionein gene transcription in yeast. They

discovered that copper binds directly to a bifunctional transcription factor, ACEl, and alters the

conformation of a "DNA-binding domain" such that it can bind to DNA. Once the factor has

bound to the metallotheionein gene control sequences, a separate "activation domain" interacts

with general transcription factors and thereby accelerates the rate of transcription initiation. The

copper and DNA binding domain of ACEl represents a new type of DNA recognition motif

which they dub the "copper fist". In higher eukaryotes, good progress has been made on

isolating a mouse metallothionein gene regulatory factor, and the gene for an unusual zinc finger

protein, also involved in the regulation of expression of the metallothionein gene, has been

cloned and characterized.

The role ofDNA methylation in the modulation of gene expression has become the main

focus of interest in Dr. Kuff s laboratory. For many years his group has been studying the

regulation of an envelope-deficient mouse retrovirus, the intracystemal A-particle (lAP). lAPs are

encoded by members of a multicopy family of endogenous proviral elements. LAP elements are

transposable in the mouse genome and are multigenic. They are expressed in mouse embryos,

some normal adult tissues, and many transformed mouse cells and represent a good model system

to smdy gene regulation. Expression requires demethylation of sequences within the TAP 5' LTR
along with a constellation of trans-acting cellular factors. The genetic basis for selective

demethylation of LAP provirus is being investigated in normal mouse lymphocytes and pancreatic

b cells, while relevant transcription factors are being studied in nuclear extracts of various

transformed rodent and primate cells.

PROTEINS AND CONTROL OF CELLULAR PROCESSES

The mechanism of stimulus response coupHng mediated by Ca""*" and calmodulin remains

the focus of interest in Claude Klee's laboratory. In collaboration with Katheen Beckingham

(Rice University) they have used calmodulin mutants deficient in Ca^"*" binding at either the low

or high affinity Ca-^"'"-binding sites to study the cooperative binding of Ca^"^ to the two halves of
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calmodulin. The same mutants were used to demonstrate that Ca^"*" binding to all four sites of

calmodulin plays a role in the activation of calcineurin, a calmodulin-stimulated protein

phosphatase. A major achievement during the last year was the isolation and sequencing of two

different cDNA clones of the catalytic subunit of calcineurin by D. Guerini. The deduced amino

acid sequences of the two proteins have allowed the characterization of the calmodulin-binding

domain, the identification of a novel structural domain needed to maintain enzyme activity and

revealed the extensive similarity of its catalytic domain with the catalytic subunits of protein

phosphatases 1 and 2a thereby defining a family of related protein phosphatases.

The group led by Paul Wagner has started a new project concerned with the regulation of

catecholamine secretion by chromaffin cells. They have demonstrated that Ca^'''-dependent

norepinephrine secretion by permeabilized PCI 2 cells occurs in two steps: A first Ca-"''-

dependent phosphorylation, rendered practically irreversible by the use of ATP7S, is followed

by a Ca^''"-independent but still ATP-dependent step. These studies provide preliminary evidence

that phosphorylation regulates secretion. An alternative mechanism for regulation of secretion

involving GTP-binding proteins is also under study.

Shelby Berger and her colleagues are studying the role of prothymosin a in cell division.

The human prothymosin a gene family has been cloned, and sequenced. It consists of one

functional gene, and five processed pseudogenes. The gene gives rise to two mRNAs by a novel

form of alternate splicing. Functional studies on prothymosin a mRNAs, synthetic and natural

proteins, and transfected cDNA and genes are not consistent with the extracellular role for

thymosin a proposed by others. Preliminary evidence suggests that prothymosin a is required

intracellularly for cell division. This group is also investigating the mechanism of action of the

ribonuclease H of two viral reverse transcriptases. Contrary to previously held views these

ribonucleases are endonucleases. They have identified a specifc inhibitor of the viral enzyme.

Dr. Beverly Peterkofsky has continued to make steady progress in her study of the

regulation of the synthesis of the extracellular matrix components, collagen and proteoglycan.

Her previous proposal that the decreased synthesis of these matrix components in ascorbate-

deficient guinea pigs is not related to the role of ascorbate in the hydroxylation of proline in

collagen but to changes in circulating factors induced by fasting is supported by the demonstration

that sera ft-om scorbutic and fasting animals (ascorbate supplemented) have reduced levels of

insulin-like growth factor (IGF-I) and also contain an inhibitor of IGF-I. This inhibitor has now
been shown to be a low molecular weight IGF-I-binding protein. As part of their study of the

alteration of collagen synthesis in transformed cells E)r. Peterkofsky and her colleagues have

shown that the defect in normal collagen synthesis in transformed cells is due to the loss of

expression of the gene for the precursor of one of the two subunits of the type I collagen,

accompanied by a post-translational modification of the precursor of the other subunit.

In order to study receptor-mediated activation of T cells, and the role of T cells in tumor

rejection, Michael Mage and his associates had developed polyvalent, multimolecular conjugates

of the major histocompatibility complex (MHC) and soluble polymers, "polygens". A
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modification of this method based on streptavidin-polymer complexes (PASA) allows them to

form conjugates of PASA with biotinylated antibodies. One of their gaols is to use these

streptavidin-polymer complexes to label mmor cells with MHC antigens with the hope that they

will be recognized by killer cells and thereby faciUtate tumor rejection. They intend to apply a

similar approach to the development of immunotoxins .

Warren Evans and his colleagues are studying the end-stage maturation of granulocytic

leukocytes in order to understand defects in this maturation process in human leukemia. Using a

cell culture assay, developed in their laboratory, to quantitate conversion of myelocyte precursors

to mature granulocytes they have demonstrated the presence of a granulocyte maturation factor

(GMF) in human serum that is absolutely required for maturation of human granulocytes. A
250-fold purification of GMF has been achieved.

DNA REPLICATION.

Three independent groups are running active programs devoted to the study of prokaryotic

and eukariotic DNA replication.

Several lines of inquiry have been pursued in studies of PI plasmid maintenance by Drs.

Michael Yarmolinsky and Dhruba Chattoraj of the Microbial Genetics and Biochemistry Section.

Biochemical studies have shown the importance of steric factors in (1) the control of plasmid

repUcation by DNA sites that bind the plasmid initiator protein and (2) die efficient functioning of

the PI centromere. Genetics studies have revealed the involvement of several heat shock proteins

in plasmid replication. Physiological studies of the effects of interference with plasmid replication

functions have led to a detailed analysis of the PI lytic replicon and of PI genes involved in

bacterial addiction to the presence of the plasmid.

Dr. Michael Lichten, a member of the Microbial Genetics and Biochemistry Section, is

studying the mechanism and regulation of meiotic recombination in the yeast Saccharomyces

cerevisiae . Techniques to detect heteroduplex DNA have been refined and are now being used to

determine the specificity of base-pair mismatch correction, the polarity of strand transfer during

meiosis, and the timing of formation of heteroduplex DNA during meiosis. The role played by

meiotic transcription and chromatin structure in determining the level of meiotic recombination in a

particular region is under study. Finally, a search for sequences which modulate the level of

meiotic recombination in their vicinity has been initiated.

The earlier success in cloning a cDNA of human P-DNA polymerase by Samuel Wilson and

his collaborators has been followed by the characterization of the core promoter for the human
gene and the identification of a palindromic sequence GTGACGTCAC as a critical promoter

element. A transcription factor that binds specifically to the palindromic sequence was purified

and characterized. The preferential expression of this enzyme in testis and its induction by

treatment with mutagens may shed additional light on its physiological role. The rat DNA
polymerase [3 and the Al hnRNP single strand-binding protein were over expressed in E. coli and

their domain structure studied by limited proteolysis. The nucleic acid binding properties of the
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individual domains are under study. The determination of the kinetic parameters of the

polymerization reaction catalyzed by HTV reverse transcriptase carried out by Sam Wilson and his

colleagues is a first step in their attempts to identify specific inhibitors of the enzyme.

THE ORGANIZATION OF THE HUMAN GENOME .

The panel of human-rodent somatic cell hybrids previously isolated and characterized in

Wesley McBride's laboratory continues to be an asset for many investigators at NIH and

elsewhere wishing to determine the chromosomal localization of human genes. About 20-25

genes have been mapped by this procedure during the past year. They include lymphokines,

neoplastic breakpoints, and genes involved in DNA repair, cell adhesion, regulation of cell

proliferation, transcriptional regulation, and cellular regulatory pathways. The gene size ,

organization and copy number at each locus was determined. Related observations included the

localization of some of these genes near chromosomal breakpoints in neoplasms and the variable

amplification of some loci in different individuals. Several have been more precisely localized

within chromosomes by in situ hybridization of metaphase chromosome spreads. Southern blots

of DNA restriction digests of DNAs from 40 large kindreds have been prepared and used for

regional gene locahzation by linkage analysis using probes which detect restriction fragment

length polymorphism. About 20 genes on 7 different human chromosomes have been mapped by

this method during the past year, the role of several of these candidate genes in specific hereditary

diseases will be evaluated.

Observations made this year in Dr. Maxine Singer's group extend earlier work on the

expression of LINE- 1 moveable elements in the human genome. These workers demonstrated

that DNA sequences essential to the promoter activity of the 900 bp long 5'-leader segment of

human LINE-1 elements lie within the first 100 bp at the 5' end. Moreover, LINE-1 promoter

activity is about 100 fold higher in human teratocarcinoma cells than in Hela cells. This finding is

consistent with the earlier observation by this group that full lenght cytoplasmic polyA"*" LINE-1

RNA was detectable in teratocarcinoma cells but not in Hela or other human cell types. The

teratocarcinoma cell RNA was shown to be a mixture of transcripts from a large number of

human LINE-1 elements. In vitro experiments have shown that at least several of these RNAs
can be messenger RNAs, yielding relatively large amounts of the product of the first open reading

frame. Preliminary data suggest that the relatively low level of translation of the second open

reading frame depends on reinitiatiom of translation rather than suppression of the stop codons

that separate the two frames.

99



DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT
ZQL CB 00333-25 LB

I PERIOD COVERED

lOctober 1, 1988 to September 30, 1989

TITLE OF PROJECT (80 cnaracmn or i»33. Tma muat lit on onm iirm oaiw9«n me oormn.)

JBiochemical Basis for Defective Differentiation in Granulocytic Leukemia
PRINCIPAL INVESTIGATOR lUst offwr pronaaionai ixraonnai owow m» Pnnaoal Invasngaior. i lNam». ntla. laooraioiy. ana instnuta amiiaaoni

W. H. Evans Research Chemist LB NCI
S. M. Wilson Biologist LB NCI

COOPERATING UNITS (il any)

J. Bednarek, Hematology, Oncology Section, Walter Reed Army Medical Center
M. Mage, LB, DCBD, NCI

LAB/BRANCH

Laboratory of Biochemistry, DCBD

SECTION

Cellular Regulation Section
INSTITUTE AND LOCATION

National Cancer Institute, NIH, Bethesda, MD 20892

TOTAL MAN-YEARS: i PROFESSIONAL;

2 1

OTHER:

1

CHECK APPROPRIATB BOX(ES)

(a) Human subjects 13 (b) Human tissues D (c) Neither

(a1) Minors

G (a2) Interviews

SUMMARY OF WORK (Us* sranOMra unramicae typm. Oo net axca»a me loacs pmviaml)

The main thrust of this work is to develop biochemical methods for the early

diagnosis of granulocytic leukemia and methods for inducing leukemic cells to

develop some or all of their functional properties as a means of partially or

completely restoring host defense mechanisms in leukemia patients. Work is

first aimed at establishing which of the many biochemical steps involved in

normal granulocyte differentiation are controlled by humoral regulators. The
results will be compared with those obtained from similar studies on leukemic
cells at corresponding stages of maturity in order to determine the nature and

potential reversibility of the arrested differentiation steps. Biochemical
analyses are carried out on mature and immature granulocytes isolated from
blood and bone marrow and the effects of cell regulators on granulocyte
differentiation, as measured by changes in the synthesis of specific cellular
components, are studied in a defined culture system previously developed in this
laboratory. Possible relationships between transforming genes in leukemic
myeloblasts and factors involved in the regulation of normal granulocyte
differentiation are under investigation.
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Project Description

Objectives

:

Our research is aimed at identifying the humoral factors and clarifying the

molecular processes that control the appearance of specific subcellular compo-
nents associated with the differentiation of bone marrow granulocyte precursors.
Such information should be useful in developing therapeutic approaches for

reversing the arrested differentiation of granulocyte precursors in chronic and

acute granulocytic leukemia.

Major Findings:

A. Factors in Human Serum Affecting Human Neutrophil Precursor Maturation

Studies in collaboration with Dr. Jana Bednarek and Dr. Robert Knight of the

Walter Reed Army Hospital are aimed at defining the nature of the factors in

human serum that regulate bone marrow granulocyte end-stage maturation.
Previously, we showed that we could prepare partially purified human

granulocyte maturation factor (GMF), free of granulocyte maturation
inhibitory factor (GMIF), from normal human serum using DEAE-fractogel

displacement chromatography. The GMF produced by this step has an

artificially high molecular weight (>300,000) as determined by size

exclusion HPLC (SE-HPLC). Our more recent findings indicate that when human

serum is assayed directly by SE-HPLC GMF emerges with the included protein

fraction in the 80,000-90,000 molecular weight range. As a possible

explanation for this molecular size difference it occurred to us that the

carboxymethyl dextran displacer used for the DEAE-fractogel step might be

binding to the proteins in the GMF fraction on the chromatographic column

and then causing a complex to form when the GMF was eluted from the column

with 0.5 M NaCl. To test this possibility we repeated the DEAE-fractogel

step except this time we omitted the displacer. As before, a large peak of

inactive protein emerged in the unbound fraction and the GMF activity could

be step-eluted from the column with 0.5 M NaCl. Subsequent analysis by

SE-HPLC of the GMF activity from this step showed that this activity was no

longer excluded from the SE-HPLC column but behaved like the GMF activity in

whole serum and emerged with the included proteins in the 80,000-90,000
molecular weight range.

Work is progressing on the development of a preparative scale procedure to

purify GMF from human serum to homogeneity. Because of the scarcity of

human bone marrow donors and the unreliability of adequate yields of marrow
cells from this source, we are now using guinea pig bone marrow granulocyte
precursors as target cells in our screening assays for human GMF activity in

chromatographic fractions. We find that if we separate transferrin from

the GMF-containing fraction of human serum in the first step of

purification, we can use guinea pig cells in the assay since these cells

give essentially the same maturation response to the human GMF activity as

do human cells.

101



ZOl CB 00333-25 LB

For the first step of our preparative-scale GMF purification procedure, we
are using DEAE-fractogel chromatography at pH 7.0. Human serum (25 ml) is

dialyzed against the column starting buffer (10 mM sodium phosphate, pH 7.0)
and applied to the column followed by starting buffer until most of unbound
protein is removed from the column. This solution is then followed by a
linear sodium chloride gradient from to 0.5 M NaCl in starting buffer.
Most of the GMF activity emerges at the beginning of the gradient. The
active fractions contain 18% of the starting protein and are well separated
from the transferrin fraction which emerges with the unbound proteins.
Analysis of the proteins in the active fractions by SDS-gel electrophoresis
showed that these fractions consisted mostly of albumin and a variety of
minor proteins.

For the second step of the purification procedure, the active fractions from
step 1 are pooled and dialyzed against 0.05 M Tris-HCl buffer (pH 8.6) and
applied to another DEAE-fractogel column equilibrated with the same buffer.
The unbound proteins are washed through the column with starting buffer and
the bound proteins are eluted from the column using a linear sodium chloride
gradient of to 0.2 M NaCl in starting buffer. Under these conditions, the

GMF activity emerges in the early part of the gradient and is well separated
from the main protein peak. SDS-gel electrophoresis of the bound protein
fractions from this step showed that the GMF activity was free of albumin.
Approximately 82% of the GMF activity in serum was recovered in this step
and we estimate that the activity is purified about 250-fold. The pooled
GMF fraction from this step contains 4.6 mg of protein or about 0.33% of the
starting serum protein.

B. Purification of GMF from bovine calf serum

Our studies indicate that bovine calf serum also contains a granulocyte
maturation factor that is active on human bone marrow granulocyte precursor
cells. The dose response curve for this serum is similar to that obtained
with normal human serum. We are planning to use bovine calf serum as a

large scale source of GMF since it is highly likely that large amounts of
serum will be needed in order to obtain adequate amounts of this protein for
amino acid sequence studies and for developing a specific immunochemical
assay for this new maturation factor. Toward this end we are now
collaborating with Dr. Ron Torres of Hyclone Corporation. Our preliminary
studies indicate that GMF can be obtained as a by product of a large scale
purification procedure for bovine serum transferrin currently used by Dr.
Torres. In this procedure bovine serum (2000 ml) is chromatographed on a

CM-cellulose column at pH 6.0. Transferrin binds to the column and the GMF
activity emerges with the unbound protein fraction which consists mostly of
albumin and a variety of minor proteins. Attempts are now under way to
further purify GMF in this fraction by DEAE-fractogel chromatography.

Patent Application

The following patent application was filed on Nov. 21, 1988: New Patent
Application, "Human Neutrophilic Granulocyte End-Stage Maturation Factor and
Its Preparation and Use." (NIH Case No. E-250-88; task order No. 25).
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This patent application outlines the potential uses of GMF as a bio-
regulatory pharmaceutical agent for treating human diseases involving defects in

or suppression of granulocyte maturation such as in chronic and acute myeloid
leukeraias, and in stimulating granulocyte maturation in patients who have severe
infections such as burn victims, or patients who receive bone marrow transplants
to replace marrow cells destroyed by X-irradiation and/or chemotherapy.

Publications

:

Evans WH, Wilson SM, Bednarek JM, Peterson EA, Knight RD, Mage MG, McHugh L.

Evidence for a factor in normal human serum that induces human neutrophilic
granulocyte end-stage maturation _in vitro . Leukemia Res 1989; in press.
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We are examining cellular mechanisms involved in regulation of intrac isternal
A-particle (lAP) expression in normal and transformed cells. As one asoect of
the program, we are studying the interaction of trans-acting factors with cis-
regulatory sequences in the lAP LTR. An apparently novel enhancer-binding pro-
tein fraction has been isolated by DNA affinity chromatography from nuclear
extracts of transformed human and mouse cells. The fraction contains two binding
components of 75 and 85 kDa , and has similar affinities for the so called
"enhancer core" domains of SV40, polyoma virus, and an lAP LTR. Further struc-
tural and functional analysis of these proteins is continuing. We have also
begun a study to determine the means by which particular elements of the multi-
copy lAP gene family are selectively activated in different cell types. We have
established that in normal cells such as thymocytes and B-cell lymphocytes, lAP
expression is clearly under genetic control, since cells from mice of different
inbred strains show characteristic variations in level and type of lAP gene
products. When lAP expression in stimulated splenic B-cells of BALB/cPi mice is

compared with expression in primary plasmacytomas induced in animals of this
strain, it is evident that many new lAP elements have been recruited to the
active gene pool in the tumor cells. We are interested in whether this phenome-
non reflects a general compromise of cellular mechanisms responsible for
selective gene activation.

lOA
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Project Description

Objectives :

To study the regulation of endogenous retroviral gene expression in relationship
to normal development and cellular function, neoplastic transformation and other
disease states.

Major Findings :

A. Trans-activating Factors for lAP Expression (Dr. M. Falzon)

lAP expression is regulated by interaction of cellular factors with sequence
elements in the 5' LTR. The U3 region of mouse lAP LTRs contains at least
five nuclear protein binding domains identified by DNasel and ExoIII foot-

printing (see Annual Report 1988). Two of these domains have homology with
the SV40 enhancer core; we refer to them as Enhl and Enh2. Enh2 appears to be
an important determinant of LTR activity, since _in vitro methylation at a Hha l

site in this binding region greatly reduces LTR promotion of a linked reporter
gene (CAT) in transfected cells. Dr. Falzon has isolated from both human 293

and mouse MOPC315 cells nuclear proteins that interact preferentially with the

Enhl and Enh2 regions, as shown by Exo III foot-printing. A 4000-fold purifica-
tion with respect to the crude nuclear extract of 293 cells was achieved by

sequential DNA affinity chromatography on hepar in-sepharose and a multimerized
oligonucleotide representing the Enh2 binding region from the LTR of the mouse
genomic lAP element MIA14. The affinity-isolated fraction from each cell line
contains two polypeptide species with apparent sizes of approximately 75 and

85 kDa . Glycerol gradient sedimentation and UV crosslinking both confirmed
that binding activity is associated with components of this size. The pro-
teins also interact in a sequence-specific manner with oligonucleotides repre-
senting the enhancer core sequences in SV40

,
polyoma virus and the MSV LTR.

Quantitative binding studies show that the proteins bind to enhancer core
domains from the MIA LTR, SV40 and polyoma virus with similar affinities
(dissociation constants between 8 and 16 x lO"'^-'- M/L). The protein(s) differ
in size and stability from the 43 kDa heat-resistant enhancer core binding
protein C/EBP isolated from liver by McKnight and co-workers, and may repre-
sent a novel type of transcription factor. Enh2 binding proteins are more
abundant in 293 (human), MOPC315 (mouse) and C0S7 (monkey) cells, all trans-
formed with nuclear oncogenes, than in HeLa, 3T3, and CVl cells. Current
studies are directed towards (1) accumulation of sufficient amounts of binding
protein(s) to permit micro sequencing and development of oligonucleotide
probes for cDNA and/or gene cloning; and (2) development of a factor-
responsive ni vitro transcription system to study factor interactions and

mechanisms of methylation inhibition.

B. Endogenous Retrovirus Expression in Diabetes

We have continued a collaboration with Dr. E. Leiter (Jackson Laboratory)
on the possible role of endogenous retrovirus (lAP) expression in the patho-
genesis of a genetically determined mouse diabetes (see previous Annual
Reports of this project). During the past year. Dr. Leiter has established
transgenic mice of the C57BL/6 inbred strain carrying a genomic lAP element
(MIA14) under transcriptional control of an insulin gene promoter. The
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construct, which was prepared in our laboratory by J. Mietz, contains
corrections of 2 frame shift mutations in the polymerase coding region of the

original MIA14 genomic clone. In vitro translation of RNA synthesized from

the modified clone has confirmed that both the gag and pol reading frames

are open, C57BL/6 mice, which are resistant to the diabetogenic effects of

the db gene, do not express lAPs in their pancreatic islet cells. This is in

contrast to the islet cells of db susceptible strains, such as C57BL/Ks, which

contain numerous lAPs . The questions to be answered are (1) whether lAPs will

be expressed in islet cells of the transgenic C57BL/6 mice and (2) whether

expression is associated with the development of diabetes when these animals

. are made homozygous for the d_b gene. The experiments are in progress.

C . Selective Activation of lAP Genes in Different Cell Types

We have begun a study to determine if and by what mechanism(s) particular

elements of the 2000 copy lAP gene family are selectively activated in

different cell types. In normal cells such as thymocytes and B-lymphocytes

,

lAP expression is clearly under genetic control, since cells from different

inbred strains show characteristic variations in level and type of lAP gene

products. Because lAP expression has no apparent functional consequences for

the cell, we postulate that activation of particular lAP elements may reflect

their location in regions of active chromatin. Thus, transcription of

particular elements may report the activities of neighboring genes in lAP-

producing cells. The great enhancement of lAP expression in many tumor cell

types could reflect a general compromise of cellular mechanisms responsible

for selective gene activation, mediated by widespread genomic demethylation
and/or increases in the levels of trans-acting cell regulatory factors to

which lAP LTRs respond. Previous work (see earlier Annual Reports) has estab-

lished that demethylation of CpG sites in the U3 region of the lAP 5' LTR is a

prerequisite for lAP expression. We have developed a two-dimensional DNA

electrophoresis method for assessing the number and variety of lAP elements

that are demethylated in their 5' LTR. Thymus and splenic B cells from the

same animal yield identical patterns of demethylated lAP elements by this

technique, but the patterns differ markedly in lymphocytes from mice of

different inbred strains. Thus particular subsets of lAP elements appear to

be demethylated (and therefore available for transcription) according to the

genetic background of the animal. We have begun experiments to define the

number and variety of lAP elements actually expressed in normal lymphocytes.

For this purpose J. Mietz has prepared a cDNA library from poly(A)RNA of LPS

stimulated B cells from spleens of BALB/cPi mice. First strand synthesis was

primed with an oligonucleotide representing a highly conserved region in the R

region of the lAP LTR; thus many of the cDNA clones are expected to include

the U3 region of the 3' LTR and extend for varying distances into the body of

the lAP element. Sequencing of the cDNAs over a common 200-300 bp segment (or

a longer region if necessary) should permit identification and enumeration of

the different lAP elements represented in the poly(a)RNA fraction, since lAP

elements generally differ from one another by at least 3% at the nucleotide

sequence level. The BALB/c mouse was chosen for study because it is particu-

larly susceptible to plasmacytoma induction. Transplanted plasmacytomas are

known to express abundant lAPs and to have extensively demethylated genomia

lAP elements. We have recently shown by 2-D electrophoret ic analysis that lAP

5' LTRs are already heavily demethylated in primary plasmacytomas of BALB/c
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mice and that a number of independently arising tumors have essentially the

same pattern of demethylated elements. Evidently, extensive recruitment of new

lAP elements into the active gene pool is a relatively early event in

progression of plasma cell tumors.

Publications :

Falzon M, Kuff E. Multiple protein binding sites in an intrac isternal A particle

long terminal repeat, J Virol 1988;62:4070-7.

Kuff EL. Factors affecting re trotransposition of intrac isternal A-particle

proviral elements. Banbury Report: Eukaryotic transposable elements as mutagenic

agents 1988;30:79-89.

Jensen L, Kuff EL, Wilson SH, Steinberg AD, Klineman DM. Antibodies from patients

and mice with autoimmune diseases react with recombinant hnRNP core protein Al , J

Autoimmun 1988;1:73-83.

Lueders K, Kuff E. Transposition of intracisternal A-particle genes. Prog Nucl

Acid Res Mol Biol 1989;36:173-86.

107



OEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT
i

ZOl CB 00945-16 LB

PERIOD COVERED
October 1, 1988 to September 30, 1989 i

1

i TITLE OF PROJECT 180 cntrncmn or /•«. Tltit muat lit on on» iinm oaiwawt m« ooraan.)

Factors Regulating the Synthesis of Collagen in Nor-raal and Transformed Cells

PRINCIPAL INVESTIGATOR (Ust ovmr omtaaaionti parsormi oeiow rn» Prtnooai InvBsngator.) iNama. tttm. laooratonf. ana msvtun aftihaooni

Peterkofsky
K. Takeda
E. Schalk
V. Shah
K. Hadley

Research Chemist LB NCI
Visiting Fellow LB NCI

Guest Researcher LB NCI

Visiting Fellow LB NCI

IRTA Fellow LB NCI

COOPERATING UNITS (it any)

None

UVB/8RANCH
Laboratory of Biochemistry, DCBD

SECTION
Biological Interactions Section

INSTITUTE AND LOCATION
National Cancer Institute, NIH, Bethesda, MD 20892

TOTAL MAN-YEARS: PROFESSIONAL;

CHECK APPROPRIATE BOX{ES)

G (a) Human subjects

n (a1) Minors

D (a2) Interviews

C3 (b) Human tissues D (c) Neither

SUMMARY OF WORK (Usa stanatra unmaucaa typa. Do not axcaaO ma apaca previoaaj

We have suggested that guinea pigs that are vitamin C deficient and those that

have been fasted, but supplemented with vitamin C, are equivalent with respect

to the mechanisms responsible for decreased collagen and cartilage proteoglycan

synthesis. Our previous studies provided considerable evidence for this pro-

posal, including almost identical changes in circulating hormones and growth

factors in the two groups of animals. Sera from both groups also contain a circu-

lating factor that inhibited DNA sjmthesis in 3T3 cells and collagen and proteo-

glycan synthesis in cultured primary chondrocytes. Since scurvy and fasting

reduce the S3rnthesis of several different types of collagen in various connec-

tive tissues, we examined the effects of sera from scorbutic and fasted guinea

pigs on cultured adult human skin fibroblasts which synthesize type I collagen,

as opposed to chondrocytes which synthesize type II. We found results similar to

those in the chondrocyte system, demonstrating that IGF-I is involved in the

regulation of at least two collagen types. We also have found that the presence

of the inhibitor in fasted and scorbutic sera is correlated with an increase in

low molecular weight IGF-I binding proteins that can inhibit binding of IGF-I to

its receptor on 3T3 cells and human fibroblasts. We also are continuing our
studies to elucidate the cause of the unusual collagen phenotype of 4-nitroquino-
line-1-oxide transformed Syrian hamster embryo fibroblasts. These cells fail to

synthesize the proal(I) subunit of type I procollagen but continue to sjmthesize
altered forms of the other subunit, proa2(I). Transfection of these cells with
a cosmid containing the proal(I) gene resulted in expression of proal(I) mRNA,

suggesting that there is a structural defect in a regulatory region of the

endogenous gene rather than a problem with trans-acting regulatory factors. The
proa2(I) chains synthesized by these cells appear to have a posttrans lational

modification in the collagenous domain of the procollagen chain. This modifica-
tion occurs independently of the known posttranslational hydroxylations of pro-
line and lysine.

PMS 6040 (Rev
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Project Description

Objectives:

The objectives of this project are to elucidate the mechanisms regulating the

expression of collagen and other extracellular matrix components and to define

the role of insulin-like growth factors in this regulation.

Major Findings:

A. Regulation of Collagen and Proteoglycan Synthesis During Scurvy and Fasting

Our previous results suggested that ascorbate-deficient and fasted,

ascorbate-supplemented guinea pigs are equivalent with respect to the

mechanisms by which collagen and cartilage proteoglycan synthesis are

decreased. Furthermore, sera from these animals could transmit the defects

in extracellular matrix synthesis to cultured chondrocytes, in the presence

of ascorbate, and this effect resulted from the presence of an inhibitor.

These sera also inhibited the stimulation of DNA synthesis in quiescent 3T3

cells by normal guinea pig serum. The inhibition of these processes in both

cell types was reversed by IGF-I. Since the effects of ascorbate-deficiency

and fasting on collagen synthesis are generalized, we examined the effects

of scorbutic and fasted guinea pig sera on human skin skin fibroblasts which

synthesize type I collagen, as opposed to chondrocytes which synthesize type

II. We found a similar inhibition of collagen synthesis by these sera in

the fibroblasts and inhibition was reversed by IGF-I, as in the chondro-

cytes. These results demonstrate that, in addition to the well established

role of IGF-I in regulation of cartilage proteoglycans, the growth factor

also regulates the synthesis of at least two different collagen types. They

also provide further evidence that culture systems consisting of sera from

scorbutic or fasted guinea pigs and connective tissue cells reflect the

regulation of extracellular matrix synthesis observed in vivo and can be

used to analyze the circulating factors involved in this regulation.

The ability of IGF-I to reverse inhibition of various cellular functions by

fasted and scorbutic sera suggested that the inhibitor might be an IGF-I

binding protein. This idea was substantiated by the finding that there was

an increase in the binding of C''25i]igf-I to proteins in fasted and scor-

butic sera. Furthermore, the increase was correlated with the inhibitory

activity of the sera for DNA synthesis in 3T3 cells and collagen synthesis

in chick embryo chondrocytes and human fibroblasts but not with their IGF-I

content. Gel filtration of sera labeled with radioactive IGF-I revealed that

the label was present in proteins of approximately 30-40 kDa. The results

suggest that a low molecular weight IGF binding protein(s) different than

the high molecular weight complex that carries most of the IGF in serum, is

induced in scurvy and fasting. We currently are carrying out studies to

determine whether the isolated binding proteins are responsible for the

inhibition of IGF-I stimulated functions in cultured cells.
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Regulation of Collagen Synthesis in Chemically Transformed Syrian Hamster

(NQT-SHE) Fibroblasts

1. Modified Proa2(I) Chains. Our previous work showed that there were two

polypeptides secreted by NQT-SHE cells that could be separated by

ammonium sulfate fractionation and they were designated as N33 and N50

collagens. They differed from the proa2(I) chain in type I procollagen
secreted by normal Syrian hamster fibroblasts in that they migrated more

slowly during SDS/PAGE. The modification was retained in the collagenous

domain after limited pepsin digestion of the procollagen forms. It also

was present in a cyanogen bromide peptide (CB-3,5) that spans about 60^

of the C-terminal end of the chain(60 kDa) and in two V8 protease-
derived peptides of approximately 30 and 40 kDa, which also are derived
from the C-terminal domain. Several lower molecular weight V8-derived
peptides from these chains were identical to those from the normal

chain, indicating that the modification was localized in the C-terminal

domain. We recently determined that the modification is present only in

the secreted N-collagens and not in the intracellular polypeptides,
which suggests that it is a post-translational modification that occurs

just prior to secretion. When proline and lysine hydroxylations were

inhibited, the slower migration of the N-collagen chains, as well as

their CB-3,5 peptides and the two V8 protease-derived peptides,

persisted during SDS/PAGE. These results indicate that the modification
does not involve proline or lysine hydroxylation and thus represents a

new type of post-translational modification in the collagenous domain.

2. Mechanism for Lack of Expression of the Proal(I) Subunit. Our previous

results showed that failure of NQT-SHE cells to synthesize the proal(I)

subunit of type I procollagen was correlated with a decreased level of

its mRNA, as measured by dot-blot hybridization with a cDNA probe and in

a cell-free translation system. Since nitroquinoline oxide is a

mutagen, the reduced expression of the gene could have resulted from a

mutation in a regulatory element of the gene itself or in the gene for a

trans-acting regulatory molecule. We approached this question by trans-

fecting NQT-SHE fibroblasts with a cosmid containing the entire human
proal(I) gene. The cells were cotransfected with pSV2neo in order to

provide a selectable marker. Neomycin(G-4l 8) resistant clones were
isolated and DNA from these clones was assayed for the presence of the

cosmid by dot-blot hybridization with a 32p_]_at3eied probe specific for

the cosmid (cos). RNA was prepared from cos"*" clones and dot-blot
hybridization assays with a proal(I) cDNA probe showed that there was

expression of proal(I) mRNA. The level of expression, however, was much
lower than in normal hamster fibroblasts. Transient transfection experi-
ments with the cosmid alone have confirmed that expression of proal(I)
mRNA can be increased in NQT-SHE. These results suggest that there is a

defect in the endogenous proal(I) gene of NQT-SHE cells, perhaps
resulting directly from mutagenesis. To substantiate this conclusion, we

are currently determining whether the proal(I) mRNA expressed in NQT-SHE
fibroblasts after transfection with the cosmid is human or hamster.
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Publications:

Palka J, Peterkofsky B. Salt stimulation of serum insulin-like growth factor

binding protein' activity, Anal Biochem 1988;175:442-9.

Palka J, Bird TA, Oyamada I, Peterkofsky B. Similar hormonal changes in sera
from scorbutic and fasted (vitamin C-supplemented) guinea pigs, including
decreased IGF-I and appearance of an IGF-I reversible mitogenic inhibitor.
Growth Factors 1989;1:147-56.

Ill



DEPARTMENT OF HEALTH AND HUMAN SERVICES PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT
ZOl CB 05202-22 LB

PERIOD COVERED

October 1, 1987 to September 30, 1988

TITLE OF PROJECT (SO cfiancnrs or msa. ritle must lit on ona lim omrwamn ma Ooraars.)

Isolartion, Fractionation and Characterization of Native Nucleoproteins
PRINCIPAL INVESTIGATOR lUsx otnw promsaional oenanmi omiow mm Pnnaoal Invasngator) iNama. una. laooratory. ana inamurn affiliaooni

0. Wesley McBride Chief, Cellular Regulation Section
A. Bale Biotechnology Fellow
S. Olson Biotechnology Fellow
M. Wang Visiting Associate
A. Mitchell Chemist

LB NCI
LB NCI
LB NCI
LB NCI
LB NCI

COOPERATING UNITS r* an)9 • Hatfield F. Gonzalez, M. Bustm, L.M. Staudt, MCI; J.
Chan, L. Kohn , NIDDKD; R. Eldridge, NINCDS; A. Notkins, NIDR; E.E. Strehler,
Zurich; J. Idle, London, D. Yang, Georgetown U., M. Young, NIDR, R. Adelstein,
NHLBI, P. Elwood, C. Klee, A. Fornace, I. Kirsch, U. Siebenlist, NCI, K. Uyeda,
U. Texas, U. Meyer, Basel, K. Ozato, NICHD, H. Ozer , N.J. School of Med.
L>VB/BRANCH

Laboratory of Biochemistry, DCBD
SECTION

Cellular Regulation Section
iNsrrruTE and location

National Cancer Institute, NIH, Bethesda, MP 20892
total MAN-YEARS:

4.15
Pn0FESSK3NAL;

3.0 1.15
CHECK appropriate B0X(ES)

D (a) Human subjects HI (b) Human tissues D (c) Neither

D (a1) Minors B
n (a2) Interviews

SUMMARY OF WORK (Usm sanaara unraaucaa Ofp*. Oo nor ajccaao !»• spaca onmaaa.)

A panel of human-rodent somatic cell hybrids previously isolated and character-
ized in this laboratory has been used for the chromosomal localization of human
genes by Southern analysis of hybrid cell DNAs in collaboration with investi-
gators at NIH and elsewhere. About 20-25 genes have been mapped by this pro-
cedure during the past year. These have included lymphokines, neoplastic break-
points, and genes involved in DNA repair, cell adhesion and regulation of cell
proliferation, transcriptional regulation, and cellular regulatory pathways.
The gene size, organization, and copy number at each locus was also determined.
Related observations included the localization of some of these genes near
chromosomal breakpoints in neoplasms and the variable amplification of some loci
exhibiting variation among individuals. Several of these genes have been more
precisely localized on chromosomes by in situ hybridization of metaphase chromo-
some spreads.

As C.E.P.H. collaborators. Southern blots of DNA restriction digests of DNAs
from 40 large kindreds have been prepared and used for regional gene localiza-
tion by genetic linkage analysis using probes which detect restriction fragment
length polymorphisms. About 20 genes on 7 different human chromosomes have been
mapped by this method during the past year. These results now allow the evalua-

1

tion of the role of several of these candidate genes in specific hereditary
I diseases

.
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Project Description

Objectives:

1 ) Human chromosomal mapping of protooncogenes and genes involved in DNA synthe-

sis, carcinogen metabolism, and regulation of cell proliferation and gene expres-

sion, and understanding role of these genes in human neoplasia, 2) mapping the

genes for hereditary cancer predisposition syndromes, and 3) developing a map of

the human genome and identifying specific genes or gene alterations involved in

hereditary diseases.

Major Findings:

A large panel of human-rodent somatic cell hybrids isolated and characterized in

this laboratory continues to be used for the chromosomal localization of human

genes in collaboration with investigators at NIH and elsewhere. During the past

year, these studies have involved the mapping of lymphokines, neoplastic break-

points, and genes involved in DNA repair, cell adhesion and regulation of cell

proliferation, transcriptional regulation, and cellular regulatory pathways.

Probes used in these studies have also routinely been evaluated for detection of

restriction fragment length polymorphisms (RFLPs) for subsequent use in mapping

by genetic linkage analysis. Some of the genes mapped [and collaborators]

during this interval have included: aspartyl tRNA synthetase [D. Yang, George-

town U.]; proteoglycans I (biglycan) and II (decorin) and sialoproteins BSP I

(osteopontin) and BSP II [M. Young, NIDR]; cytochrome P450IIF [F. Gonzalez,

NCI]; calcium- ATPase isoforms 1 and 3 CE. Strehler & E. Carafoli , Zurich]; two

heavy polypeptide non-muscle myosin genes [R. Adelstein, NHLBI]; MFBP, a folate

binding protein [P. Elwood, NCI]; H-2RIIBP transcriptional regulator [K. Ozato,

NICHD]; two N-acetyl transferase genes [Urs Meyers, Basel]; genes for three poly-

peptides of the Pyruvate Dehydrogenase Complex, Ela, E16, & E3 [B.J. Song, LMMB,

ALC]; calcineurin A [C. Klee, NCI]; Fru-6,2 kinase: Fru-1 ,6 bisphosphatase [K.

Uyeda, U. Texas]; nucleolin [M. Srivastava, NHLBI]; breakpoints in two T-cell

leukemias [I. Kirsch, NCI]; two genes activated by DNA damaging agents [A.

Fornace, NCI]; a gene involved in regulation of DNA synthesis [H. Ozer, NJ

School of MED]; a new collagen or collagen-like gene [S. Kimura, NCI]; and two

lymphokines [U. Siebenlist, NCI]. The gene size, organization, and copy number

at each locus has also been determined.

Various types of additional information beyond chromosomal assignments have been

obtained in these studies. Calmodulin appears to contain multiple members of

multigene families. The calmodulin probe we have studied in collaboration with

S. Detera-Wadleigh detects a multigene family dispersed on five different chromo-

somes and this cDNA probe does not detect other calmodulin multigene families

isolated in two other laboratories. This results from maximal nucleotide

sequence divergence between these sets of multigene families within the con-

straints of almost complete amino acid sequence conservation. The genes for two

isoforms of human Ca ATPase have been assigned to human chromosomes 1 and 12,

and localized to specific chromosomal regions by three different methods. The

organization and copy number of these genes has been investigated by Southern

analysis with subfragments of the cDNAs and by varying the stringency of hybrid-

ization. The two genes have regions of sufficient nucleotide similarity to be

detected under reduced stringency but this similarity is less than is found

113



Z01 CB 05202-22 LB

between each of the human genes and their rodent counterparts. A third locus
was detected on the human X-chromosome with the isoform 3 probe only under
reduced stringency, and an internal EcoRI restriction site has been lost from
this gene. The genes for two lymphokines present at a single locus on chromo-
some 17 were subsequently found to be linked at the molecular level. There are
also reduplications of these two genes at the locus with different copy numbers
in different individuals, and this is under study at the molecular (U. Sieben-
list) and chromosomal (this lab) level. The location of these two lymphokine
genes near chromosomal breakpoints in two different classes of neoplasms is

intriguing and under further investigation. A collagen, or collagen-like, cDNA
sequence cloned by S. Kimura has a different chromosomal location than all
previously reported collagen genes indicating that it represents a new class of
collagen.

Genetic linkage mapping in kindreds with nucleic acid probes which detect RFLPs
is being used in this lab to: 1) identify the loci for hereditary diseases, 2)

obtain regional chromosomal localization of cDNAs and genes which have been
isolated, 3) improve the reliability and resolution of the current human linkage
map with additional loci and 4) establish a map of genes in the human genome.
We are collaborators in the Centre d' Etude du Polymorphism Human (C.E.P.H.)
human gene mapping project and we are using the DNAs from the 40 large CEPH
pedigrees for much of this work. Southern blots have been prepared on nylon
membranes after digestion of most of these 500 DNAs with 10 different restric-
tion endonucleases and used to map about 20 genes during the past year. These
genes include: HMG-17 (a human non-histone chromosomal protein), Gly 10 (a

glycine tRNA), and CaATPase isoform 3 on chromosome 1; DNA polymerase beta on
chr.8; CaATPase isoform 1 on chr.l2; TCRA (T cell receptor, alpha polypeptide),
RS-2 (a cluster of 4 tRNAs), 1858 and 1828 (lab designation for two different
T-cell neoplastic breakpoints on chr.mq32.1), and CKBB (creatine kinase, brain
form) on chr.l4; CYP2A, CYP2B, and CYP2F (3 subfamilies of cytochromes PU50) and
TRSP (opal suppressor tRNA) on chr.l9; HMG-14 (non-histone chromosomal protein),
SObl (superoxide dismutase 1, soluble), and GPX1P2 (a processed pseudogene of
glutathione peroxidase 1) on chr.21; TSHR (putative functional TSH receptor),
CYP2D (cytochrome P450, debrisoquine) , and PDGFB (platelet derived growth factor
beta polypeptide) on chr.22.

In situ hybr-idization of metaphase chromosome spreads is the third method used
in this laboratory for human gene mapping. Regional localizations have been
obtained recently for CaATPase isoform 1, CaATPase isoform 3, RS-2 (tRNA
cluster), CYPOR (cytoclone P450 reductase), and N-acetyltransferase genes.

Publications:

Cherney BW, McBride OW, Chen D, Alkhatib H, Bhatia K, Hensley P, Smulson ME.
cDNA sequence, protein structure, and chromosomal location of the human gene for
poly(ADP-ribose) polymerase, Proc Natl Acad Sci USA 1987;84:8370-74.

Gonzalez FJ , Vilbois F, Hardwick JP , McBride OW, Nebert DW, Gelboin HV, Meyer UA.
Human debrisoquine 4-hydroxylase (P450IID1): cDNA and deduced amino acid
sequence and assignment of the CYP2D locus to chromosome 22, Genomics

i;2:174-9.
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Umeno M, McBride OW, Yang CS, Gelboin HV, Gonzalez FJ. Human ethanol-inducible
PI4501IEI : complete gene sequence, promoter characterization, chromosome mapping,

and cDNA directed expression. Biochemistry 1988;27:9006-13.

Jaiswal AK, McBride OW, Adesnik M, Nebert DW. Human dioxin-inducible cytosolic
NAD (P)H: menadione oxidoreductase: cDNA sequence and localization of gene to

chromosome 15, J Biol Chem 1988;263:13572-8.

Brooks BA, McBride OW, Dolphin CT, Farrall M, Scambler PJ, Gonzalez FJ, Idle JR.

The gene CYP3 encoding P450PCNI (nifedipine oxidase) is tightly linked to the

gene C0LIA2 encoding collagen type I alpha on 7q21-q22.1, Am J Hum Genet 1988;

43:280-4.

Bale AE, Weinberger C, McBride OW. A retinoic acid receptor cDNA probe identi-

fies a moderately frequent RFLP on chromosome 17, Nucleic Acids Res 1988;

16:7755.

Bale AE, Usala S, Weinberger C, Weintraub BD, McBride OW. A cDNA probe (Phe A12)

from the hc-ERBA) gene on chromosome 3 detects a high frequency RFLP, Nucleic
Acids Res 1988 ; 16 :7756.

McBride OW, Mitchell A, Lee BJ, Mullenbach G, Hatfield D. Gene for selenium-

dependent glutathione peroxidase maps to human chromosomes 3, 21 and X,

BioFactors 1988;1:285-92.

Usala SJ, Bale AE, Gesundheit N, Weinberger C, Lash RW, Wondisford FE, McBride

OW, Weintraub BD. Tight linkage between the syndrome of generalized thyroid

hormone resistance and the human c-erbAB gene, Mol Endocrinol 1988;2:1217-20.

Ko H-S, Fast P, McBride W, Staudt LM. A human protein specific for the immuno-

globulin octamer DNA motif contains a functional homeobox domain. Cell

1988;55:135-44.

Davey MP, Bertness V, Nakahara K, Johnson JP, McBride OW, Waldmann TA, Kirsch

JR. Juxtaposition of the T-cell receptor a-chain locus (I4qll) and a region

(I4q32) of potential importance in leukemogenesis by a 14; 14 translocation in a

patient with T-cell chronic lymphocytic leukemia and ataxia-telangiectasia, Proc

Natl Acad Sci USA 1988;85:9287-91.

Sen Gupta B, Detera-Wadleigh SD, McBride OW, Friedberg F. A calmodulin pseudo-

gene on human chromosome 17, Nucleic Acids Res 1989; 17: 2868.

Mitchell AL, Bale AE, Mak T, McBride OW. Six RFLPs for human T cell receptor a

(TCRA) on chromosome 14, Nucleic Acids Res 1989 ; 17: 2876.

Landsman D, McBride OW, Bustin M. Human non-histone chromosomal protein HMG-17:

identification, characterization, chromosome localization and RFLPs of a func-

tional gene from the large multigene family. Nucleic Acids Res 1989;17:2301-14.

115



Z01 CB 05202-22 LB

Bale SJ, Bale AE, Stewart K, Dachowski L, McBride OW, Glaser T, Green JE III,
Mulvihill JJ, Brandi ML, Sabaqueli K, Aurbach GD, Marx SJ. Linkage analysts of
multiple endocrine neoplasia type 1 with INT2 and other markers on chromosome
11, Genomics 1989 ;

i*
: 320-2.

Bertness VL, Felix CA, McBride OW, Morgan R, Smith SD, SandbergA, Kirsch IR.

Characterization of the breakpoint of a tCm;!^) (q11.2;q32) from the leukemic
cells of a patient with T-cell acute lymphoblastic leukemia, Cancer Genet
Cytogenet; in press.

Friedman E, Sakaguchi K, Bale AE, Falchetti A, Streeten E, Zimering MB,

Weinstein LS, McBride OW, Nakamura Y, Brandi M-L, Norton JA, Aurbach GD, Spiegel
AM, Marx SJ. Parathyroid tumors in familial multiple endocrine neoplasia type I

and in sporadic adenoma show clonal losses of alleles within chromosome 11, Mol
Endocrinol; in press.

McBride OW, Kozak CA, Wilson SH. Mapping of DNA polymerase 6 to mouse chromosome
8, Cytogenet Cell Genet; in press.

McBride OW, Pirtle XL, Pirtle RM. Localization of three DNA segments encompas-
sing tRNA genes to human chromosomes 1, 5 and 16: proposed mechanism and signifi-
cance of rTNA gene dispersion, Genomics; in press.

Nhamburo PT, Gonzalez FJ, McBride OW, Gelboin HV, Kimura S. Identification of a

new P450 expressed in human lung: complete cDNA sequence, cDNA-directed expres-
sion, and chromosome mapping, Biochemistry; in press.

Olson S, Song BJ, Huh T-L, Chi Y-T, Veech RL, McBride OW. Three genes for
enzymes of the pyruvate dehydrogenase complex map to human chromosomes 3, 7 and
X, Am J Hum Genet; in press.

Olson S, Uyeda K, McBride OW. Localization of fructose 6-P, 2 kinase: fructose
2.6-bisphosphatase to human chromosome X, Somatic Cell Mol Genet; in press.

Tronick SR, McBride OW, Popescu NC, Eva A. Chromosomal localization of dbl onco-
gene sequences, Genomics; in press.

Yamano S, Aoyama T, McBride OW, Hardwick JP , Gelboin HV, Gonzalez FJ. Human
NADPH-P450 oxidoreductase: complementary DNA cloning, sequence and Vaccinia
virus-mediated expression and localization of the CYPOR gene to chromosome 7,
Mol Pharmacol; in press.

Zarrilli R, Gates EA, McBride OW, Lerman MI, Chan JY, Santisteban P, Ursini MV,
Notkins AL, Kohn LD. Sequence and chromosomal assignment of a novel thyroid auto-
antigen in Graves' disease: similarity to a family of mitochondrial solute
carrier proteins, Mol Endocrinol; in press.

116



QepaRTMENT OF HeAL7H ANO HUMAN 3EHVIC33 ("JBLiC HgALTH 3EHVIC2

N0TIC2 OF INTPAMURAL FIESEARCH PROJECT
ZOl CB 05203-21 LB

pemoo coveseo
October 1, 1988 to September 30, 1989

TITLE GF PROJECT iSO cnancnn * 'MJ. /7ff« must lit an anm anm oanvowr m» oornara.)

Immunochemical Purification and Characterization of Immunocytes and Components
PfllNCIPAU ;NVE3TIGArOB (Uif aatm pmrnsannm parsanrmt a»iam inm I'rmaoal invmsagatori (Nunm. :mm, aoontorf, ana mmum idllltooni

M.G. Mage Immunochemist LB NCI
L.L. McHugh Biologist LB NCI
B. Nardelli Visiting Fellow LB NCI

C00PSi=IATir4G UNITS (if any)

None

L/^a/BRANCH

Laboratory of Biochemistry, DCBD
SECTION

Biosynthesis Section
INSrmjTS ANO uai*T10N

National Cancer Institute, NIH, Bethesda, MD 20892
TOTAL .VIAN>yEARS:

2.25
PflOFESSlCNAL;

2.25
OTHEH:

CHECK APPROPRIATE 30X(E5)

D (a) Human subjects D (b) Human tissues Q (c) Neither

G (a1) Minors

G (a2) Imor/iews
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Our laboratory has a long standing interest in development of immunochemical
methods for cell separation, for studying receptor-mediated activation of T cells,
and in the role of T cells in tumor rejection. With respect to immune activation,
we are particularly interested in developing methods for the direct measurement of
the interaction of the T cell receptor with MHC antigens. As an outgrowth of
these interests, we have recently been developing methods for constructing
semisynthetic multivalent macromolecular reagents, for which we have coined the
terra "polygens". Polygens are high molecular weight soluble polymers conjugated
to proteins such as antigens, antibodies, toxins, or lymphokines. We believe that
polygens, by increasing the effective valence of protein epitopes, may help to
measure low affinity molecular interactions such as that between the T cell
receptor and MHC antigens, and that such studies may help us understand the
molecular requirements for activation of T cells. During this year, we have
improved our methods for making polygens, and have developed a general reagent:
polyacrylamide-streptavidin (PASA) for use in making such multivalent conjugates.
We have used PASA to make heteroligating antibody conjugates, and to make
conjugates that coat tumor cells with Class I MHC antigens. Our studies of the
enhanced immunogenic ity of "xenogenized" (mutagenized) cell lines have led to the
identification of an altered form of the gp70 antigen on xenogenized cells.

117
PHSrjO«Oifl«v ;/*«l



ZOl CB 05203-21 LB

Proiect Description

Obiectives

:

The goals of this project are to develop and improve methods for studying
receptor-mediated cellular activation, for targeting tumor cells for attack by
CTL, and to apply improved understanding of T cell activation, together with new
methodologies, to the development of improved vaccines for diseases such as

malaria and AIDS, and for better targeting reagents and immunotoxins for

treating cancers.

Major Findings:

A. Development of a General Method for Making Soluble Multivalent
Macromolecular Conjugates

"PASA" (polyacrylamide-streptavidin) had been synthesized by attaching
multiple molecules of streptavidin to single molecules of soluble liaear
polyacrylamide. PASA can in turn bind biotinylated single proteins or

mixtures to create multivalent soluble high molecular weight homo- or

heterocon jugates . Such conjugates are potentially useful as vaccines,
targeting reagents, immunotoxins, and amplification reagents for protein
and DNA assays. We have applied for a patent for PASA.

In preparing PASA, we have used soluble linear polyacrylamide because it is

available in bulk quantities, and can be modified to adjust the number of

activated groups introduced for coupling to protein. This linear molecule
is easier to characterize and maintain in soluble form than are branched
molecules. We wanted to avoid intermolecular crosslinking , to make it

easier for most if not all of the attached proteins to contact the cell
surface. For this reason, we use a large excess of streptavidin in the
coupling step.

The first step in preparing PASA is a mild alkaline hydrolysis of the
polyacrylamide to convert a limited number of the amide groups to carboxyl
residues. After dialysis to remove ammonia, we activated the carboxyl
groups with a carbodiimide (GDI), in order to form peptide bonds with amino
groups on the streptavidin. (Although GDI has been used for a long time to
crosslink proteins in aqueous solution, an active intermediate is not
isolated. Instead the proteins are mixed together with the GDI and as soon
as an activated carboxyl group forms, it can form a peptide bond with an
amino group.) We wished to avoid this situation, because we did not want to

have intermolecular crosslinking. So we investigated to see if we could
find aqueous conditions where the active intermediate was sufficiently
stable to be separated from excess GDI prior to reaction with the

streptavidin. By varying pH, time, and temperature, we found that the
polyacrylamide with activated carboxyl groups could indeed be formed at pH 3

at degrees, and separated from excess GDI by passage through a small
Sephadex G25 column at degrees. At this pH and temperature, the activated
groups have a half life of about 1/2 hour.
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The activated polyacrylamide is next mixed at degrees with a large excess

of streptavidin at pH 8.5. Coupling is complete in a few minutes. The

conjugate of polyacrylamide to streptavidin (PASA) is separated from excess

streptavidin by HPLC size exclusion chromatography. We are currently

collaborating with several groups to test PASA as a backbone for making

vaccines, immunosuppres ive reagents, and amplification reagents for ELISA

and for detecting biotinylated DNA probes.

Synthesis and Use of PASA-Based Heteroconjugates for Cellular Heteroligation

and for Coating Tumor Cells with MHC Class I Antigen Molecules

By reacting PASA with the appropriate biotinylated antigens and antibodies,

we have prepared soluble multivalent heterol igating antibody conjugates that

can bind either of two antigenically distinct cell lines. For example, PASA

was incubated with a mixture of biotinylated monoclonal antibodies to the

H-2k and H-2d Class I MHC molecules. The resulting heterocon jugate was able

to bind to either RDM4 cells (H-2k) or P815 cells (H-2d), although the

antibodies singly could bind to only one cell type. By using a rat

anti-H-2d and a mouse anti-H-2k, the presence of both antibodies in the

cell-bound heterocon jugate could be demonstrated and distinguished by flow

cytometry.

PASA has also been used to prepare reagents for labelling murine tumor cells

with MHC antigens. Monoclonal antibodies to an antigen on the tumor cell

surface and MHC Class I antigens are biotinylated and mixed. They are then

coupled to PASA. In this fashion we have prepared heteroconjugates that can

(for example) react with H-2k cells and coat them with H-2d antigen. The

presence of the added H-2d antigen on the H-2k cells can be detected by flow

cytometry. We are currently modifying PASA-based conjugates to have

sterically unhindered Class I MHC antigens attached to them, the better to

measure interaction with T cell receptor molecules and for tumor targeting.

Identification of a Cell Surface Antigen Specific for Xenogenized Tumor

Cells

"Xenogenization" (i.e. mutagenization of tumor cells to increase their

immunogenic ity) is a potential approach to cancer immunotherapy of tumors

that fail to elicit an effective immune response. In collaboration with the

Institute of Pharmacology of the University of Perugia (supported by Italy-

USA joint project CNR (Italy) contract number N. 86.0031 .04) , and with Drs.

E. Appella and S. Ullrich (LCB, DCBD, NCI) an apparent variant or mutant

form of the gp70 protein has been identified in cell surface extracts of

xenogenized cells by iramunoprecipitation of labelled proteins, followed by

2D gel electrophoresis. We are currently working on the isolation of the

mRNA for the putative mutant gp70 molecule, in order to prepare a DNA copy

followed by a sequence, in order to understand the nature of this variant

molecule. It is interesting to note that evidence has been found for gp70

molecules as targets for CTL in human hematological malignancies (Szabo et

al.. Acta Microbiol Hung, 1988;35:25-33).
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Publications

:

Romani L, Grohmaan U, Fazioli F, Puccetti P, Mage MG , Fioretti MC. Cell-mediated
immunity to chemically xenogenized tumors, I. Inhibition by specific antisera
and H-2 associativity of the novel antigens, Cancer Immunol Immunother
1988;26:48-54.

Grohmann V, Romani L, Principato GB, Puccetti P, Mage MG, Fioretti MC. Genera-
tion of monoclonal antibodies to a chemically xenogenized murine lymphoma,
Pharmacol Res Commun 1988;20:443-4.

Nardelli B, McHugh L, Mage MG. Polyacrylamide-Streptavidin : a novel reagent for
simplified construction of soluble multivalent macromolecular conjugates, J.
Imm Methods; in press.
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SUMMARY OF WORK (Usa smnaars unnmcaa typ*. Do not axcaaa On ipaca prmiOad.)

We continued biochemical studies of mammalian DNA replication proteins. A

cDNA for 6-polymerase has been subcloned in expression vectors; the protein has

been overproduced in E_^ coli
,
purified in mg quantities and sequenced.

Structure-function aspects and in vitro DNA repair activities of the recombinant

enzyme are being studied. Genomic DNA spanning the gene for human 6-polymerase
was further characterized. The promoter region was studied by detailed deletion
and site mutagenesis using a transient expression system. In other work, we

purified a transcription factor for the 6-polymerase gene. In vitro
transcription studies of the gene are under way. A tissue survey of the rat

indicated tissue-specific expression of the mRNA with testes containing much
more than other tissues. We found that the mRNA is induced in a rodent cell

line following treatment with the DNA damaging agent MNNG.
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Project Description

Objectives:

The ultimate objective of this research program is to understand mechanisms of
DNA synthesis in mammalian cells. Our main approaches are enzymology and
transcription control of DNA synthesis proteins and examination of DNA
replication _ln vitro using purified polymerases and other required proteins.

It is anticipated that these studies on the properties, specificities, and regu-
lation of DNA replication proteins will, in conjunction with results from other
laboratories, help answer important questions about mechanisms and control of
DNA replication in the mammalian cell.

Major Findings:

A. Structure and Function of Mammalian DNA Polymerases

Our current approach toward the general problem of understanding the
function and biochemistry of mammalian DNA polymerases is 1 ) character-
ization of polymerase cDNAs and genes, 2) analysis of expression of
polymerase mRNAs and 3) studies of enzyme proteins overproduced in Ej_ coli
using cloned cDNAs.

1 . Human 8~Polymerase

a. DNA polymerase 6 (6-pol) is a housekeeping enzyme considered to be
involved in DNA repair in vertebrate cells. In many cell lines,
S-pol mRNA levels are typical of other cases of low-abundance,
housekeeping gene mRNAs, However, differential expression of 6-pol
is found in some cell lines and tissues. For example, survey
experiments of rodent tissue reveal that liver contains slightly
less 6-pol mRNA than most other tissues, whereas testes contain much
more than other tissues and perhaps 50-fold more than liver; some
human cell lines, such as teratocarcinoma NTeraD2 and the adenovirus
ETA/E1B transformed line 293, have about a 5-fold higher level of
the 6-pol transcript than reference cell lines such as fibroblast
AG1522. Further, induction of 6-pol mRNA level (4-fold) is seen
within four hours after treatment of CHO cells with the single-base
alkylating agents MNNG, MMS, or AAAF; by contrast, induction is not
seen with other DNA damaging agents.

To ascertain whether differential mRNA expression could be studied
at the level of the 6-pol promoter, fusion gene constructs were
prepared with the human 6-pol core promoter (-lOObp) linked to the
bacterial chloramphenicol acetyltransferase (CAT) gene. It was
found that 6-pol promoter activity in transient expression
experiments is much higher in MNNG damaged CHO cells than in
untreated cells and, in addition, that the 6-pol promoter can be
strongly activated by transcriptional control proteins such as
El A/El B; note that these proteins are constitutively expressed in
the 293 cell line mentioned above.
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Proteins in crude nuclear extract capable of binding to the human
6-pol promoter were surveyed by DNase I footprinting with the core

promoter as probe. The results indicate a similar footprinting
pattern for nuclear extract from rodent tissues or from various cell

lines representing differences in mRNA expression or in ability to

support fusion gene expression. The predominant footprinting
corresponds to a decanucleotide palindromic element at -49 to -40 in

the 6-pol promoter, plus several flanking residues on each side.

From mutagenesis experiments, this decanucleotide palindromic
element (GTGACGTCAC) is known to be required for activity of the

B-pol-CAT fusion gene.

In order to purify protein(s) binding specifically to the

palindromic element, a gel mobility shift assay was employed. An

oligonucleotide corresponding to the palindrome and flanking
residues was used as probe. Palindrome binding protein was purified
from a bovine testes nuclear extract in a yield of approximately Syg
protein/1 20g tissue. The purified protein stimulates in vitro
transcription of the B-pol promoter and, as expected, binds tightly
to the palindrome region of the core promoter. cDNA cloning and

further biochemical studies of the purified palindrome binding
protein are underway.

Characterization of the domain structure of mammalian DNA polymerase
beta was conducted. Large-scale overproduction of the rat protein
in Escherichia coli was achieved, and the purified recombinant
protein was verified by almost sequencing using tryptic peptides.

This B-polymerase is both a single-stranded DNA (ssDNA) binding
protein and a DNA polymerase consisting of one polypeptide chain of

334 amino acids. As revealed by controlled proteolysis experiments,
the protein is organized in two relatively protease-resistant
segments linked by a -15-residue protease sensitive region. One of

the protease-resistant segments represents the NH2- terminal 20^ of

the protein, and this NH2~terminal domain (of about 75 residues) has

binding affinity for ssDNA-agarase equal to that of the intact
protein. The other protease-resistant segment, representing the

COOH terminal domain of -250 residues, does not bind to ssDNA.

Neither domain, tested as a purified protein, has substantial DNA

polymerase activity. The results are consistent with the idea that

the NH2~terminal domain is responsible for DNA binding activity of

the intact protein and can interact with DNA in a "modular" fashion,

not requiring the remainder of the protein for its binding activity.

Pyridoxal 5' phosphate is a potent inhibitor of the DNA polymerase
activity of recombinant rat DNA polymerase beta. Kinetic studies
indicate that the mechanism of PLP inhibition is complex. In a

lower range of PLP concentration, inhibition is competitive with
respect to substrate dNTP, whereas at higher levels of PLP, several
forms of enzyme combine with PLP and are involved in the overall
inhibition; a possible model for these interactions during the

catalytic process was suggested. Reduction of the PLP-treated
enzyme with sodium [3h] borohydride results in covalent
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incorporation of 4 mol of PLP/mol of enzyme, and the modified enzyme
is not capable of DNA polymerase activity. The presence of dNTP
during the modification reaction blocks incorporation of 1 mol of

PLP/mol of enzyme, and the enzyme so modified is almost fully active.

This protective effect is not observed in the absence of
template-primer. Tryptic peptide mapping of the PLP modified enzyme
reveals four major sites of modification. Of these four sites, only
one is protected by dNTP from pyridoxylation. Sequence analysis of

the tryptic peptide corresponding to the protected site reveals that
it spans residues 68-80 in the amino acid sequence of the enzyme,
with Lys 71 as the site of pyridoxylation. These results indicate
that Lys 71 is at or near the binding pocket for the dNTP substrate.

d. Mouse chromosomal localization of S-polymerase gene. In

collaboration with O.W. McBride, genomic DNA from mouse-hamster
hybrids was subjected to Southern blot analysis using 6~polymerase
cDNAs as probes. The results to date indicate that the B-polymerase
gene is single copy and is located on mouse chromosome 8. This is

consistent with our earlier results on the chromosomal location of
the 6~polymerase gene in humans.

Publications;

Widen S, Kedar P, Wilson SH. Human 6~polymerase gene: structure of the 5'

flanking region and active promoter, J Biol Chem 1988;263:16992-8.

Zmudzka BZ , Fornace A, Collins J, Wilson SH. DNA polymerase 6 mRNA : cell-cycle
and growth response in cultured human cells. Nucleic Acids Res 1988; 16:9587~96.

Abbotts J, SenGupta DN, Zmudzka B, Widen S, Wilson SH. Human DNA polymerase
beta: expression in E_^ coli and characterization of the recombinant enzyme. In:

Moses RE, Summers WC , eds. DNA replication and mutagenesis. American Society of
Microbiology Press, 1988;55-67.

Wilson SH, Abbotts J, Widen S. Progress toward the molecular biology of DNA
polymerase 6 (review), Biochim Biophys Acta 1988;949:149-57.

Fornace A, Zmudzka B, Hollander MC , Wilson SH. Induction of DNA polymerase 8

mRNA by DNA damaging agents in Chinese hamster and ovary cells, Mol Cell Biol
1989;9:851-3.

Basu A, Kedar P, Wilson SH, Modak MJ. Active site modification of mammalian DNA
polymerase g with pyridoxal 5' phosphate: mechanism of inhibition and
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Biochemistry; in press.

McBride OW, Kozak C, Wilson SH. Mapping of the gene for DNA polymerase 6 on
mouse chromosome 8, Cytogenet Cell Genet; in press.
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Biochim Biophys Acta; in press.
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Wilson SH. Gene regulation and structure-function studies of mammalian
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SUMMARY OF WORK (Uaa tianaara umaueaa ryp>- Oo not nena am a>ac« gmvioaa.)

The mechanism of stimulus-response coupling mediated by Ca^"*" and calmodulin was
studied at two levels: the modulation of the Ca^"*" signal by calmodulin and the
regulation of the activity of the calmodulin-st imulated protein phosphatase,
calcineurin, by calmodulin. 1) Using calmodulin mutants synthesized in E. coli we
obtained direct evidence for the cooperative binding of Ca^* to the two halves of
calmodulin. Binding of Ca^"*" to the high affinity sites in the carboxyl terminal
half of calmodulin reduces the affinity of the low affinity sites in the amino
terminal half of the molecule and conversely binding to the low affinity sites
alters the conformation of the carboxyl terminal half of the molecule. 2) The same
mutants were used to demonstrate that Ca^* binding to the four Ca^"*" sites of
calmodulin plays a role in the binding of calmodulin to calcineurin and its
subsequent activation. Two different human cDNA clones of the large subunit of
calcineurin have been isolated and sequenced. The deduced amino acid sequences of
the proteins have allowed the characterization of the calmodul in-binding domain,
revealed the extended similarity of the catalytic domain with protein phosphatases
1 and 2A and identified a novel structural element whose integrity is needed to
maintain enzymatic activity.
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PHS liOuJ ii^av 1/641 aoaai^-vi



ZOl CB 05231-15 LB

Project Description

Ob iectives

:

To study the functional roles of protein subunits and protein-protein inter-

actions. The system under investigation is the Ca^"'"-dependent regulation of

enzymes mediated by calmodulin. Emphasis is on the mechanism of the regulation

of the Ca2"'"-dependent stimulation of the protein phosphatase, calcineurin, by

calmodulin. These studies are undertaken to elucidate the roles of the two

second messengers, Ca^"*" and cAMP, in the regulation of cell function.

Major Findings:

Calmodulin and Calcium Regulation of Cellular Activity

A. Interaction of Calmodulin with Calcium

These studies were undertaken to obtain insight into the molecular
mechanism of the Ca2''"-dependent activation of many different enzymes by

calmodulin. Previous studies carried out with D. Newton and J. Haiech
showed that Ca^"*" binding to calmodulin involves a positive cooperativity
between two adjacent sites in the carboxyl and amino-halves of calmodulin
and negative cooperativity between the two halves of calmodulin. Ca^"*"

binding to calmodulin is modulated by physiological concentrations of Mg-"*"

which enhances the negative cooperativity and thereby favors a stepwise
conformational change of calmodulin. Using susceptibility to proteolysis

as a probe for conformational changes, Julia Mackall has shown that at

physiological concentrations, Mg^* induces an alteration of the structure

of the central helix of calmodulin. In collaboration with Kathleen
Beckingham we have confirmed and extended these conclusions. A single

mutation at Glu 104 or Glu 140 which results in a large decrease in

affinity of sites III and IV for Ca^"*", increases the affinity of sites I

and II. Thus, in normal calmodulin, Ca^"*" binding to sites III and IV must
induce an allosteric transition responsible for the negative cooperativity
observed earlier. Conversely, Ca^"*" binding to sites I and II of the

calmodulin mutated at Glu 104 modifies the environment of Tyr 138

indicating that Ca^"*" binding to the amino terminal half of calmodulin
induces a conformational change in the carboxyl-terminal half of the

molecule. We have therefore demonstrated that the two halves of calmodulin
are not independent but respond to Ca^"*" binding in a concerted manner.

B. Interaction of Calmodulin with Target Proteins

Our studies have been focused on the regulation of the Ca^'''/calmodulin-

stimulated protein phosphatase, calcineurin. The regulation of this enzyme
by Ca^"*" is mediated by two different Ca^"'"-binding proteins: an integral

subunit of the enzyme, calcineurin B and calmodulin. In the absence of

calmodulin, a small activation at low Ca2+ concentration (10~7 m) is

mediated by calcineurin B. Using the calmodulin mutants described above,

John Maune has shown that the Ca^"*"-dependent stimulation of calcineurin by

calmodulin depends upon Ca^"''-binding to calmodulin and not to calcineurin B,
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The large stimulation produced by calmodulin is strongly cooperative (Hill
coef f icient=3-4) but requires more Ca^"*" ^^^j,^>10~" ) . Mutants in site I

that have preserved two high affinity sites require slightly higher Ca^"*"

concentration than does wild type calmodulin. The same substitution in
site III results in loss of the high affinity sites and, consequently, a
requirement for 10-50-fold more Ca^"*" for activation. Mutation at either
one of the Ca^"^ sites results in decreased cooperativity (Hill coefficient
£2). Thus, binding to both of the two Ca^"*" binding units of calmodulin
plays a role in the binding of calmodulin to calcineurin and its subsequent
ac t ivat ion

.

The characterization of the calmodulin-binding and regulatory domains of
calcineurin A previously identified by M. Hubbard and M. Krinks was made
possible by the determination of the primary structure of the protein.
Danilo Guerini has cloned two calcineurin A cDNAs from human basal ganglia
and brain stem mRNA. The complete sequences of the two calcineurin clones
are identical except for a 54bp insert in the type I clone and different 3'

ends including part of the coding sequence for the COOH termini of the two
proteins. These findings suggest that calcineurin A consists of at least
two isozymes which may result from alternative splicing events. The two
enzymes differ at the carboxyl terminus which contains an inhibitory domain
rapidly severed by limited proteolysis. With the exception of an 18 amino
acid insert, the central parts of the molecule, which harbor the catalytic
domains, are identical and show extended similarities with the catalytic
subunits of protein phosphatases 1 and 2A, thus defining a distinct family
of protein phosphatases. The 40 residue amino-terminal fragment, specific
for calcineurin, contains a unique amino acid sequence which is also found
in bovine brain calcineurin by peptide sequencing. A role in the
calmodulin activation of calcineurin is proposed for this novel structural
domain.

The two subuints of calcineurin and appropriately expressed mutants are
being expressed in E. coli to elucidate the role of calcineurin B and
calmodulin in the Ca^"*" regulation of the enzyme while Marie Paule Strub
is identifying sulfhydryl residues involved in the catalytic activity.

C. Physiological Roles of Calcineurin

A collaborative project with Dr. J. Thorner has been established to clone
calcineurin in yeast and to study its role in the vegetative cycle of this
organism. Enzymes, clones and antibodies prepared in the laboratory are
made available to many investigators trying to study the role of protein
dephosphorylation in many systems. Using some of our reagents. Dr.
Catterall and his colleagues have recently obtained evidence for the
specific dephosphorylation of the Na"*" channel by calcineurin.

Publications

:

Means AR, Klee CB . Summary of workshop on Ca^"*"-binding proteins, Adv Cyclic
Nucleotide Protein Phosphorylation Res 1988;21:181-7.
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Tash JS , Krinks MH, Means RL, Klee CB , Means AR. Identification, characteriza-
tion and functional correlation of calmodul in-dependent protein phosphatase in

sperm: association with dynein, J Cell Biol 1988;106:1625-33.

Krinks MH, Klee CB , Pant HC , Gainer H. Identification and quantification of

calcium-binding proteins in squid axoplasm, J Neurosci 1988;8:2172-82.

Newton DL, Krinks MH, Kaufman JB, Shiloach J, Klee CB. Large scale preparation
of calmodulin, Prep Biochem 1988;18:247-59.

Klee CB. Ca^'^'-dependent phospholipid-(and membrane)-binding proteins. Biochem-
istry 1988;27:6645-53.

Jean T. The release of calcium from endoplasmic reticulum: effect of inositol

1 ,4, 5-trisphosphate and guanine nucleotides. Proceedings of the 12th European
sjrmposium on hormone and cell regulation. Mont St. Odile, France: 1988; 155-65.

Klee CB . Interaction of calmodulin with Ca^"*" and target proteins. In: Cohen P,

Klee CB , eds. Calmodulin, vol 5. Amsterdam: Elsevier, 1988;35-56.

Klee CB, Cohen P. The calmodulin-regulated protein phosphatase. In: Cohen P,

Klee CB, eds. Calmodulin, vol 5. Amsterdam: Elsevier , 1988; 225-48

.

Cohen P, Klee CB . Criteria required to demonstrate calmodulin-dependent effects
in vivo. In: Cohen P, Klee CB, eds. Calmodulin, vol 5. Amsterdam: Elsevier,
1988;357-64.

Heppel LA, Newton DL, Klee CB , Draetta GF. The phosphorylation of calmodulin and
calmodulin fragments by kinase fractions from bovine brain, Biochim Biophys Acta
1988;972:69-78.

Hurwitz MY, Putkey JA, Klee CB, Means AR. Domain II of calmodulin is involved in

activation of calcineurin, FEBS Lett. 1988;238:82-6.

Klee CB , Krinks MH, Hubbard MJ. Regulation of protein dephosphorylation by the

calmodulin regulated protein phosphatase, calcineurin. In: Yagi K, Miyazaki T,

eds. Calcium Signal and Cell Response, Tokyo, Japan Sci See Press; Berlin,
Springer-Verlag, 1988; 75-84.

Hubbard MJ, Klee, CB. Functional domain structure of calcineurin A: Mapping by
limited proteolysis. Biochemistry 1989;28:1868-74.

Newton DL, Klee CB. Phenothiazine-binding and attachment sites of

CAPPi-calmodulin, Biochemistry 1989;28:3750-7.

Persechini A, Blumenthal DK, Jarrett HW, Klee CB , Hardy DO, Kretsinger RH. The
effects of deletions in the central helix of calmodulin on enzyme activation and

peptide binding, J Biol Chem 1989;264:8052-8.
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SUMMAPy OP WOPK (Us» itanatn uimaueaa lypm. Jo not axeaaa m* seaca omvioaa.)

The LINE-1 family of interspersed repeated DNA sequences that is ubiquitous in

placental mammals and marsupials is very likely to be an active transposable
element. Although LINE-1 segments lack terminal repeats of any kind, several
observations indicated transposability : 1) the presence of target site
duplications; 2) homology in one, highly conserved LINE-1 ORF to reverse
transcriptase; 3) alleles that differ by the presence or absence of a LINE-1;
4) new LINE-1 insertions correlated with human mutations and tumors. Our
experiments are designed to elucidate the mechanism of transposition of human
LINE-1 elements. A central focus is the control of LINE-1 transcription.
Experiments this year show clearly that transcriptional regulatory signals occur
within the 5' end of the element. At least one important motif is in the first
100 bp from the 5' end; deletion of this segment from constructs containing the
5' leader of LINE-1 is accompanied by loss of expression of a fused reporter
gene upon trans fection. The level of expression of the reporter gene, using the
intact 5' leader region, is almost 20 fold higher in human teratocarc inoma cells
than in monkey kidney cells.
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Project Description

Ob iectives

:

Our aim is to understand the mechanism of LINE-1 transposition in the human
genome, and to estimate the transposition rate in different cell types and at

different stages of development. The working model for transposition mechanism
is based on that of retroviruses and class I retrotransposons : 1) formation of

full length-polyadenylated LINE-1 transcripts, 2) reverse transcription
catalyzed by LINE-1 encoded enzyme, 3) insertion of the cDNA into a staggered
break in genomic DNA, and 4) repair of the gaps at the junction between the cDNA
and the genomic insertion site producing a target site duplication. However,
the detailed mechanism of LINE-1 transposition must differ substantially from
the mechanisms used by these well-studied elements. This is because LINE-1, as

well as other class II retrotransposons, has structural properties distinct from

the class I elements; in particular, the absence of LTRs.

Our current experiments approach these aims through analysis of the

transcription and translation of human LINE-1 elements. In the current year,

significant progress was made in the analysis of transcription, as described
below. In addition, we have begun to investigate patterns of methylation of

LINE-1 in different cell types, with the aim of understanding whether LINE-1
transcription is regulated by methylation. Finally, LINE-1 sequences continue
to be used as probes for studies in evolutionary biology.

Major Findings:

A. LINE-1 Family Transcription

Earlier we observed full-length, cytoplasmic, polyadenylated LINE-1
transcripts in human teratocarc inoma cells. These were characterized by
primer extension and by analysis of cloned cDNAs. The 5' end of the bulk
of the RNA coincides with the 5' terminus of full length genomic elements.
The cDNA analysis indicated that many genomic LINE-1 elements are

transcribed: no two of 19 cDNA clones analyzed had the same structure.
These data raised questions about the nature of the promoter and other
transcriptional regulatory elements that govern LINE-1 transcription,
assuming that transcription is by RNA polymerase II. (The identity of the

polymerase is likely, but strictly unproven for technical reasons.) Thus,

a likely explanation was that the promoter and regulatory elements are all
internal to the element and that many LINE-1 elements in human DNA have
functional promoters, at least in teratocarc inoma cells.

We are investigating these questions by replacing the LINE-1 open reading
frames (ORFs) with a convenient reporter gene, using recombinant DNA
techniques. The 5' and 3' untranslated regions of the constructs are

derived from the earlier cDNA clones because their analysis demonstrated
that the LINE-1 RNA has a different consensus sequence than do randomly
selected genomic clones. Initial experiments demonstrated that the

approximately 900 bp long 5' leader region of one cDNA promotes expression
of the bacterial chloramphenicol transacetylase (CAT) gene in human
teratocarc inoma cells (line NTera2Dl). However, the initial CAT constructs
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were not ideal because the CAT mRNA is quite unstable in the cells and the
5' LINE-1 leader region was incomplete because none of the cDNA clones
actually extended to residue 1 of the full length element.

During this year, a full length reporter vector was constructed by grafting
the genomic consensus synthetic oligonucleotide for the first 11 base pairs
onto the 5' end of the LINE-1 cDNA, cDl6. cD16 itself begins at base pair
12. Then, the 5' end of the fully sequenced cDll, starting at base pair
152, was exchanged for the homologous region of cD16 (pLCl). The E. coli
lacZ gene was fused in- frame to the beginning of the LINE-1 5' ORF (ORFl)

(pLClZ). All the LINE-1 ORFs were eliminated, but the final construct
included a LINE-1 3' trailer region, with its polyadenylation signal.
The 3' trailer element was derived from a recent LINE-1 insert into a human
Factor VIII gene (kindly provided by H. Kazazian, Johns Hopkins University).
This 3' trailer was chosen because it was complete, because it matched the
sequence of a subset of LINE-1 cDNAs (subset Ta) we had previously suggested
may define "active" LINE-1 elements, and because its recent transposition
in the human genome also suggested it was derived from an active element
(thereby confirming our earlier proposal). The complete recombinant vector,
pLClZA, is being used for transfection into tissue culture cells and
analysis of the products of LINE-1 transcription. A derivative of pLClZA,
pLClZADl, which lacks the entire 5' leader region (790 base pairs) is used
as a control as is a construction in which the SV40 early promoter drives
expression of the lacZ gene.

Activity of the lacZ constructs is being measured by assaying for beta-
galactos idase activity in tissue cells transiently transfected by
calcium phosphate co-precipitation. Two assays are being used:

histochemical staining with a beta-galactos idase substrate that yields a

colored product and spectrophotometr ic assay of the enzyme in cell extracts.
No activity is detected with the pLClZADl control. pLClZA gives low, but
reproducible levels of activity with mouse cells (NIH3T3, F9, and L);

only a very low percent of the cells produce detectable beta-galactos idase.

In CV-1 monkey cells, the LINE-1 5' leader permits expression of beta-
galactos idase at about 5 percent of the level seen with the SV40 promoter.
However, in human NTera2Dl cells, the LINE-1 5' end gives about 50 percent
more activity than the SV40 promoter. The activity with the SV40 promoter
is about the same in CV-1 and NTera2Dl cells. We do not know if the

differential activity of the LINE-1 sequences in these cell lines is the

result of species or cell type differences. Preliminary experiments are
consistent with the initiation of LINE-1 controlled transcription at

residue 1 of the 5' leader, as was found for the NTera2Dl cytoplasmic
RNA. Moreover, deletion of the 5' most 100 base pairs of the 5' leader
led to a loss of gene expression while the insertion of a 132 base pair
DNA segment at residue 750 (as occurs in about 50 percent of human genomic
LINE-ls) does not influence activity.

These studies indicate that the transcribable LINE-1 elements contain a

promoter within the 5' leader. Unlike well characterized Pol II promoters,
the important sequences are downstream of the transcription initiation site.
At least some of the critical DNA regulatory motifs are within the first 100

base pairs of the LINE-1 element.
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B. LINE-1 Methylation

Experiments have focused on methylation in the GC-rich 5' leader region of
LINE-1 segments. Southern blot analysis was carried out using the

methyl-sensitive endonuclease Hpall and its methyl-insensitive isoschizomer
Msp l and probes representing the 5' terminal 650 bp or 5' terminal 200 bp of
LINE-1. LINE-1 sequences in NTera2Dl DNA were heavily methylated compared
to DNA in several other tissue culture lines and primary lymphocyte DNA.
However, a 300 bp Hpa ll fragment that annealed with both the 650 and the 200
probes was produced by NTera2Dl DNA. This represented only a small portion
of the total amount of the 300 bp fragment in the genome, as indicated by
the Msp l digests. Cell line JEG3 DNA, while less heavily methylated than
NTera2Dl overall, also showed such a band. It is possible that this
hypomethylated set of LINE-ls is related to the detection of full-length,
cytoplasmic, polyadenylated LINE-1 transcripts in NTera2Dl cells and, at a

lower abundance, in JEG3 cells. Thus, DNA from other cell lines, which do
not contain detectable full length polyadenylated cytoplasmic transcripts,
does not produce the 300 bp Hpa ll band.

C

.

Comparative Study of Line-1

LINE-1 elements are being studied in neotropical primates of the infraorder
Platyrrhini . Three families containing a total of 16 genera and 47 species
are thought to have arrived in Central and South America about 45 million
years ago. Probes derived from some of these animals are being used to

study evolutionary history and construct molecular taxonomies and for

analyses pertaining to the conservation genetics of endangered species. The
work is also defining the highly conserved portions of LINE-1 elements as

well as the variable regions, including the 5' end.

Publications :

Singer M, Skowronski J, Fanning TG, Mongkolsuk S. The functional potential of
the human LINE-1 family of interspersed repeats. In: Lambert ME, McDonald JF,

and Weinstein IB, eds . Eukaryotic Transposable Elements as Mutagenic Agents. New
York: Gold Spring Harbor Laboratory Banbury Center, 1988; 71-8.

Mongkolsuk S. Novel eukaryotic expression vectors which permit single-stranded
replication in Escherichia coli and jji vitro translational analysis of cloned
genes. Gene 1988;70:313-9.

Singer MF. LINE-1 sequences: human transposable elements. In: Grunberg-
Manago, ed. Evolutionary Tinkering in Gene Expression. New York: Plenum Press,
1988; in press.

Fanning TG, Modi WS , Wayne RK, O'Brien SJ. Evolution of heterochromatin-
associated satellite DNA loci in the felids and canids (Carnivora) , Cytogenet
Cell Genet 1989; in press.

Modi WS, Fanning TG, Wayne RK, O'Brien SJ. Chromosomal localization of
satellite DNA sequences among 22 species of felids and canids (Carnivora),
Cytogenet Cell Genet 1989; in press.
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SUMMARY OF WORK (Usm snnauo unraaucaa typa. Do not aicaaa ma aoaca pfovioaO.)

We have isolated and characterized a number of muscle-specific and house-keeping
genes that are differentially expressed during myogenesis. These include the

alpha cardiac, alpha skeletal and beta cytoplasmic actin genes, and the myosin
light chain lf/3f gene. All except the beta cytoplasmic actin gene are ex-
pressed only in differentiated muscle. The beta cytoplasmic actin gene is

suppressed in muscle. The cis acting sequence elements responsible for the
regulated expression in these genes have been essentially characterized and we
are currently in the process of identifying proteins that interact with these
regulatory regions. Nuclear factor binding domains have been defined for the
beta cytoplasmic actin promoter, the alpha cardiac actin promoter and on the
light chain lf/3f promoter. We are in the process of defining the various
transcription factors and their binding domains on these muscle promoters. At
present we have no evidence for any muscle specific factors, rather the factors
we have identified via their binding domains are present in all cells in varying
concentration. Regulation of the beta cytoplasmic actin gene is achieved
through a sequence element in the 3' end of the gene which appears to interact
with muscle-specific nuclear proteins to suppress transcription. We are trying
to characterize this interaction more precisely. Recently we have isolated a

gene that is involved in regulating the muscle phenotype in avian muscle, called
CMDl, that appears to be the homologue of MyoD, the muscle determination factor
from mouse. Studies on the characterization of the protein and its mechanism of
action are in progress.

13A
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Project Description

Ob iectives :

We would like to understand the mechanisms involved in the control of eukaryotic
gene expression during development and tissue formation.

Major Findings ;

A. Regulation of Actin Isoform Expression

Alpha cardiac actin is the major actin expressed first in differentiated
embryonic skeletal muscle and it is eventually replaced by alpha skeletal
actin in adult muscle. In contrast, beta cytoplasmic actin is expressed
only in the dividing myoblast but is suppressed in differentiated muscle.
Using a series of deletions and chimeric constructs we have been able to
defiae regions in the alpha cardiac actin promoter and in the beta cyto-
plasmic actin gene involved in regulating actin expression during myogenesis.
The alpha cardiac actin gene contains at least two distinct cis acting
regions that appear to be involved in the negative regulation of the
promoter as determined by in vivo transfection studies and ^ vitro tran-
scription assays. Nuclear factors binding to the proximal region map over
the TATA element between nucleotides -50 and -25. In the distal regions,
factor binding spans nucleotides -136 to -112 over a region that includes a

second CArG2 5' to the more familiar CCAAT box (CArGl). Nuclear factors
binding to these different domains were found in both muscle and nonmuscle
preparations, but were detectable at considerably lower levels in tissues
expressing the alpha cardiac gene. In contrast, the concentration of the
beta actin CCAAT box binding activity was similar in all extracts tested.
The role of these factor-binding domains on the activity of the cardiac
actin promoter j^ vivo and in vitro and the prevalence of the binding
factors in nonmuscle extracts are consistent with the idea that these
binding domains and their associated factors are involved in the tissue
restricted expression of cardiac actin through positive and negative regula-
tory mechanisms. In the absence of negative regulatory factors these same
binding domains act synergistically , via other factors to activate the
cardiac actin promoter during myogenesis. Although the beta actin mRNA is

down-regulated during myogenesis, the beta actin promoter confers constitu-
tive expression when joined to heterologous genes transfected into a

variety of different cell backgrounds, including differentiated muscle.
Normal promoter activity is dependent upon the binding of a ubiquitous
factor to the CCAAT-box element. Loss or reduction in factor binding
correlates with a major reduction in promoter activity both in vivo and in
vitro . The binding domain covers approximately 23 base pairs as determined
by DNase footpr inting. Methylation of A and G residues in and adjacent to
the CCAAT box results in the loss of factor binding. Mutations across the
binding domain indicate that the sequence GCCAATCAG within the domain is

sufficient as a recognition sequence for factor sequence. Bandshift experi-
ments demonstrate a predominant single band of similar mobility in nuclear
extracts from various cells and tissues, with the exception of HeLa cells.
The prevalence of the factor and its recognition sequence in a variety of
promoters suggests that this factor has a common role in the transcriptional
activation of several eukaryotic promoters.
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Down regulation of the steady state level of beta actin raRNA is

transcriptionally controlled, as determined by nuclear runon experiments,
and this control is mediated by a 40 base pair sequence element just 5' to

the canonical polyadenylation signal in the gene. Placement of this
sequence in the corresponding position in both the alpha cardiac actin or
neomycin-resis tance gene in PSV2Neo or RSVNeo confers the beta actin mRNA
regulatory pattern when these constructs, are stably introduced into muscle
cell lines such as C2C12 mouse myoblasts. This regulatory sequence is

conserved in position in all the vertebrate beta actin genes sequenced and
is not similar to any of the 3' processing adenylation for termination
sequences described previously. The sequence element can be moved to any
position in both orientations within the transcribed portion of the RSVNeo
gene while maintaining the beta actin regulatory pattern for Neo expression
in C2C12 cells. One position is 40 nucleotides beyond the polyadenylation
signal yet the regulatory pattern is maintained. Muscle specific single-
stranded DNA binding protein(s) appear to be involved in regulating beta
actin gene expression.

B. Characterization of an Avian Myogenic factor

We have isolated the cDNA encoding a myogenic factor expressed in embryonic
chick breast muscle by virtue of its weak hybridization to the mouse MyoDl
clone. Nucleotide sequence analysis and amino acid comparison defines this
clone, called CMDl, as encoding a protein similar to mouse MyoDl. CMDl
encodes a polypeptide smaller than MyoDl, 298 versus 318 amino acids,
respectively, and is 80% concordant by amino acid sequence overall. The
basic and myc domains required for myogenic conversion of mouse lOTl/2
"fibroblasts" to myoblasts with MyoDl are completely conserved in CMDl,
CMDl is just as efficient as the mouse horaologue in myogenic conversion of
lOTl/2 cells and coactivates the endogenous mouse MyoDl gene in the process.
The efficiency of myoblast conversion depends upon the levels of CMDl expres-
sion and suggests that the cellular concentration of CMDl plays a role
in the onset of myogenesis. Transient expression of CMDl in a variety
of nonmuscle cells from different germ layer origins activates both cotrans-
fected muscle specific promoters and, in some cases, endogenous muscle
specific genes. BUdR treatment of chicken and mouse myoblasts reduces the

expression of CMDl and MyoDl, respectively, and may explain how this thjrmi-

dine analogue inhibits myogenesis and the activity of transfected muscle
specific promoters in BUdR treated myoblasts. Transient expression of CMDl
in BUdR treated myoblasts reactivates cotrans fee ted muscle specific pro-
moters. CMDl activates muscle specific promoters in cotransfections regard-
less of cell type whereas "housekeeping" or constitutive promoters can be
moderately activated, unaffected, or repressed depending upon the promoter
and cell background. The rate and degree of myogenic conversion may be more
restricted by cell phenotype than germ layer origin.

C. The Myosin Light Chain lf/3f Gene

The myosin light chains (1 and 3) are encoded by a single gene containing
two differentially used promoters producing mRNA transcripts containing
unique and common exons. Transcription and splicing are regulated during
differentiation. We have defined the minimal promoter elements for the
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light chain 1 and light chain 3 transcripts by transfection studies with
promoter deletions joined to the CAT reporter gene. The promoters are

regulated in a tissue specific manner in primary cultures of embryonic chick
breast muscle but are not properly regulated in rodent muscle cell lines.

Each promoter element binds a common set and a unique set of nuclear pro-
teins but none of the binding observed appears to be unique to muscle tissue.
Although the mouse and human light chain genes appear to have specific

enhancers in the 3' noncoding region of the gene, there is no evidence for a

similar region in the chicken gene. The chicken gene was reported to have
an enhancer in the 5' noncoding region but our studies have failed to

confirm this result using the so-called enhancer. Methylation of particular
C nucleotides block transcription from the promoters in CAT constructs and

this block correlates with the loss of nuclear protein binding to particular
regions in the promoter. Furthermore, in vivo methylation studies implicate
the same methylated residues in promoter function. Further analysis of the

promoters is under way.

D. Gene Regulation by Nerve Growth Factor

PC12 cells differentiate into neuronal cells in response to nerve growth
factor(NGF). We have isolated the complete cDNA and gene encoding an

raRNA that is induced 50-80 fold when PC12 cells are treated with NGF.

The longest open reading frame in the cDNA encodes a polypeptide of approxi-
mately 72,000 daltons. LacZ fusion proteins with different regions of the

cDNA open reading frame were used to produce polyclonal antibodies to study

the protein induction process. The protein induced by NGF in PC12 cells is

stored in secretory vesicles and released through the regulated secretion
pathway. Furthermore, this protein or polypeptide, called VGF, is ex-

pressed in the hypothalamus of rats in the CNS. The mechanism of action of

NGF on the promoter of the gene is under investigation.

E

.

Studies on the Yeast Myosin Gene

Using defined oligonucleotide probes to highly conserved regions in the

myosin genes of UNC 54 of C. elegans, slime mold, Acanthamoeba and various
vertebrate myosins, we have isolated the yeast homologue Myosin I gene.

Gene replacement studies indicate that the gene is not essential for growth
but plays a role in cytokinesis, nuclear migration, and cell wall deposi-
tion. Chitin plate formation is altered in the mutants implying that

myosin, possibly via actin filaments, is involved in wall formation. The

Acanthamoeba myosin gene cannot rescue the mutation and expression of this

gene in wild type yeast results in the mutant phenotype. The head portion
of the myosin molecule appears responsible for this phenotype since expres-
sion of the head alone behaves like the mutant. Expression of the rod

portion of the Acanthamoeba gene has no effect. We are trying to isolate
the myosin I yeast gene promoter but this has not proved successful.

Publications :

Quitschke WW, Eldridge JD, Paterson BM. Analysis of regulatory regions in the

alpha cardiac actin promoter. In: Kedes L, Stockdale F, eds . Cellular and

Molecular Biology of Muscle Development. New York, AR Liss Inc., 1989;677-89.
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Quitschke WQ, Lin ZY, DePonti-Zilli L, Paterson BM. The beta actin promoter:

high levels of transcription depend upon a CCAAT binding factor, J Biol Chem
1989;264:9539-46.

Quitschke WQ, DePonti-Zil li L, Lin ZY, Paterson BM. Identification of two

nuclear factor binding domains in the chicken cardiac actin promoter:
implications for the regulation of the gene, Mol Cell Biol; in press.

Lin ZY, Dechesne CA, Eldridge JE, Paterson BM. An avian muscle factor related to

MyoDl activates muscle specific promoters in nonmuscle cells of different germ

layer origin and in BUdR treated myoblasts. Genes and Develop; in press.
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novel gene product, VGF; immunocytochemical analysis, J Neuro Sci; in press.
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The mechanism by which copper induces yeast metallothionein gene transcription
has been determined. In both the presence and absence of copper, the yeast cell
constitutively synthesizes the ACEl regulatory protein. The amino terminal
domain of apo-ACEl is in a randomly folded conformation that cannot bind to DNA
and is therefore not functional. When the cell is confronted with a high
concentration of copper, Cu(I) binds directly to ACEl and causes a cooperative
conformational switch into a form that can specifically recognize the
metallothionein gene upstream regulatory sequences. Once ACEl has bound to the
DNA, the carboxy-terminal domain stimulates transcription by interacting with
general transcription factors. The copper and DNA-binding domain of ACEl is

surprisingly similar to metallothionein itself, leading us to propose a novel
"copper fist" model for its structure. In mammalian cells, a putative
metallothionein gene regulatory factor has been purified and characterized, and
the gene for an unusual zinc finger protein has been cloned.
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Projection Description

Objectives

:

We wish to understand how eukaryotic genes are activated or repressed in re-
sponse to changes in the cellular environment and how the resulting gene prod-
ducts allow the cell to adapt to its altered conditions.

Major Findings:

A. Yeast

1. Structure and Expression of ACE 1 , the Regulator of Yeast Metallothionein
Gene Transcription. When yeast cells are confronted with a potentially
toxic concentration of copper, they respond by increasing the

transcription rate of the CUPl locus which encodes a small,
metallothionein-like copper binding protein. Several years ago, we

devised a genetic strategy to isolate trans-acting regulators of

metallothionein gene transcription. Our rationale was that mutant cells
lacking a CUPl activator protein would fail to make metallothionein and
therefore be hypersensitive to copper toxicity (Thiele DJ, Hamer DH. In:

Reznihoff WS,- Burgess RR, Dahlberg JE , Gross CA, Record MT, Wickens M, eds

.

RNA Polymerase and the Regulation of Transcription. Amsterdam: Elsevier,
1987;431-5). Cloning and characterization of one such gene, called ACEl
(for Activation of CUPl Expression), revealed it to be a trans-activator
of CUPl located on chromosome VII (Thiele DJ. Mol Cell Biol
1988;8:2745-52).

Fine mapping and DNA sequencing showed that ACEl encodes a 25 kDa protein
apparently consisting of two domains: an amino-terminal domain rich in

basic amino acids and cysteines, and a carboxy-terminal domain with many
acidic residues (Furst P, Hu S, Hackett R, Hamer DH. Cell 1988;55:705-17).
To determine whether copper affects the synthesis of the ACEl protein or

its activity, measurements of ACEl mRNA and an ACEl-lacZ fusion protein
were performed. The results showed that ACEl is constitutively expressed
in the presence and absence of copper ions. Thus metal ions must activate
ACEl post translationally.

2. ACEl is a Specific DNA-Binding Protein. To test whether ACEl activates
CUPl indirectly, by a metabolic route, or directly by binding to the DNA,
we synthesized the ACEl protein j^ vitro and tested it for interaction
with the CUPl control sequences. Our results showed that ACEl recognizes
two upstream sequence elements of CUPl: UASc, which is a strong autonomous
copper response element, and UASd, which is an auxiliary element.
Experiments with point mutants showed that the same bases necessary for

copper induction _in vivo are required for DNA binding rn vitro .

The binding of ACEl to DNA is strictly dependent upon the addition of
metal ions. Activation is specific for Cu(l) or the electronically
analogous Ag(I) ion; all divalent ions tested failed to activate.
Interestingly, silver was also found to activate CUPl gene transcription
in vivo. Thus there is a good parallel between metal activation J^ vivo
and _in vitro .
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3. Metal Ions Alter the Conformation of ACEl. To determine how Cu(l) (and
Ag(l)) activate the DNA-binding activity of ACEl, we used partial
proteolysis to probe the conformation of the protein in the presence and
absence of metal ions. Our results showed that apo-ACEl exists in an
apparently random conformation that is highly sensitive to proteases
whereas Cu(I)-ACEl is in a folded conformation that is partially resistant
and produces discrete peptides. Thus the way that metal ions activate
ACEl is through a conformational switch.

4. Domain Structure. The domain structure of ACEl was addressed by both
genetic and biochemical experiments. We showed that a hybrid between the

amino-terminal region of ACEl and an activation domain of GAL4 could
activate CUPl transcription in the presence of copper. Conversely, a

hybrid between the DNA-binding domain of ACEl and the carboxy-terminal
region of ACEl activated GALl cons titutively. Thus the amino-terminal
region of ACEl is a copper-dependent DNA-binding domain whereas the

carboxy-terminal region is a copper-independent activation domain. This
was confirmed Jji vitro using a truncated version of ACEl containing only
the amino-terminal domain. This 125 araino-acid peptide undergoes a

conformational switch in the presence of Cu(l) and specifically binds to
the CUPl control sequences.

5. The "Copper Fist" Model. There are several intriguing structural
similarities between the ACEl regulatory protein and yeast copper-
metallothionein itself: the presence of 12 cysteine residues, 10 of which
are in CysXCys or CysXXCys pairs; the paucity of hydrophobic and aromatic
residues; the specificity for the +1 oxidation state of copper; and the

protease sensitivity of the apoprotein and resistance of the

metalloprotein. Based on these similarities, we proposed a novel "copper
fist" model in which the multiple cysteine residues chelate multiple
copper ions to form a polynuclear Cu(I)-S core. We speculate that the

folding of the protein around this metallothionein-like core forms
DNA-binding "knuckles" rich in basic amino acids. We are currently
testing this model by site-directed mutagenesis and biophysical studies.
The use of a common structural motif for ligand and DNA binding has
interesting implications for the evolution of homeostatic regulatory
mechanisms

.

B. Mammalian Cells

1. Putative Metallothionein Gene Regulatory Factor. We have continued to

work on the identification of mouse nuclear factors that bind to the metal
response elements (MREs) of higher eukaryotic metallothionein genes.
One such factor, called MBP-1, has been purified to the point of clear
identification on an SDS gel and characterized in some detail. MBF-1
specifically binds to several MRE sequences including mouse MREe and trout
MREa and MREb. Studies with point mutants show that the same bases are
involved in metal activation in vivo and DNA binding m^ vitro . MBF-1
appears to be a metalloprotein in that it is inactivated by metal
chelators. Preliminary experiments suggest that it can activate
metallothionein gene transcription in vitro in a metal-dependent fashion.
We are trying to clone the gene for MBF-1 by both antibody screening and
peptide sequencing strategies.
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2. Zinc Finger Protein. Many eukaryotic gene regulatory proteins have been
shown to contain a zinc finger DNA-binding motif. Because of our interest
in the role of metals in gene regulation, we have begun to characterize
mouse proteins containing this motif. By screening a library at low

stringency with a Krupple zinc finger probe, we isolated several genes for

putative zinc finger proteins and characterized one of these in detail.

This clone is interesting in two respects. First, it is predicted to

encode a protein which consists almost exclusively of the finger motif
with only short flanking sequences. Second, it shows differential
expression in transformed compared to normal cells. We are currently
studying the intracellular localization, tissue distribution, metal

dependence and possible functions of this protein.

Publications :

Furst P, Hu S, Hackett R, Hamer DH. Copper activates metallothionein gene

transcription by altering the conformation of a specific DNA-binding protein.

Cell 1988;55:705-17.

Kelly SL, Basu A, Teicher BA, Hacher MP, Hamer, DH, Lazo, JS. Overexpression of

metallothionein confers resistance to anticancer drugs. Science 1988;241:
1813-5.

Culotta VC, Hamer DH. Fine mapping of a mouse metallothionein gene metal

response element, Mol Cell Biol 1989;9:1376-80.

Hamer DH. Essential and toxic heavy metal metabolism: the role of

metallothionein. In: Trace Elements in Nutrition; in press.
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This group has continued its study of sequence-specific DNA-binding proteins in

Drosophila, with focus on the heat shock genes and the segmentation gene fushi
tarazu, ftz. Molecular cloning of the heat shock gene transcriptional activator,
or Heat Shock Factor, HSF, is close to completion. The HSF clone will be invalu-
able for further studies on the biochemical pathways involved in the cellular
response to stress. New discoveries on the properties of inactive HSF show that
activation of the pre-existing protein may occur rn vitro by means of heat, low
pH, or antibody induced conformational change of the protein. The nature of this
conformational change could provide insights on the mechanism by which this one-
component signal transducer can sense environmental stress and activate gene tran-
scription. FtzFl, a DNA-binding factor that interacts with the ftz gene, has been
purified and analyzed intensively. The function of ftz Fl in vivo has been
studied in transgenic flies, and these studies show that the factor is involved as
a positive transcription factor in certain specific segments of the early embryo.
Molecular cloning of the ftzFl gene is under way. The analysis of other factors
involved in ftz gene transcription is being continued. The heat shock gene is

being used as a model to analyze the cooperative or competitive interactions
between nucleosomes and transcription factors by in vitro recons titution experi-
ments. These studies should clarify the role that nucleosome histone proteins
have been suggested to play in controlling gene activity in higher cells.
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Project Description

Objectives

:

A knowledge of gene regulation is fundamental to an understanding of eukaryotic

development and differentiation. We wish to determine general principles of gene

regulation through analysis and reconstruction of specific protein-DNA inter-

actions j^ vivo and iji vitro around gene control sequences. Our studies are

focused on two Drosophila systems: the heat shock genes and the fushi tarazu

(ftz) gene involved in the segmental patterning of the early embryo.

Major Techniques Employed and Major Findings:

Regulation of the hsp70 Gene

A. Cloning the HSF Gene

We are cloning the HSF gene by partial microsequence analysis of HPLC purified

peptides derived by trypsin cleavage of purified HSF. Using 5-10 micrograms

of purified HSF, we have obtained good sequence information from 3 peptides,

and prepared oligonucleotide probes deduced from the peptide sequences.

Screening of cDNA and genomic Drosophila libraries is under way.

B. Physical and Chemical Activation of HSF In Vitro

Cytoplasm from nonshocked Drosophila tissue culture cells can be activated in

vitro to specific DNA binding by treatment with elevated temperature, acidic

pH, and with the antibodies raised against HSF purified from heat shocked

cells, i.e. anti-(active HSF) antibodies. These findings suggest that

inactive HSF may be activated by a conformational change of the protein.

Although it remains possible that the in vitro activation by heat or acidic pH

is mediated through the activation of an enzyme activity that covalently
modifies HSF in the crude cytoplasm, the fact that specific antibody to active

HSF can also activate argues strongly that enzymatic modification is not an

absolute requirement for activation. Nonetheless, it cannot be formally

excluded at present that an enzjmiatic modification of HSF does occur as a

result of heat and acidic pH activation. We are resolving the problem by

purifying the inactive form of the protein for further studies of the activa-
tion process.

C. Purification of the hsp70 Gene TATA Box Binding Factor

In addition to the binding of the transcriptional activator HSF, one other

transcription factor has been shown to bind in the nucleus to the heat shock
promoter at the TATA sequence motif at position -30 upstream of the start of

transcription. We had previously identified by exonuclease protection a TATA
box binding activity in crude nuclear extracts of both shocked and unshocked
Drosophila cells. We are purifying this activity (TATA factor) by means of

conventional and affinity chromatography.
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D. Chromatin Reconstitution of the hsp70 Gene

Based on previous chromatin mapping experiments, the TATA factor that is

constitutively bound in vivo is proposed to play a critical role in the forma-
tion of a DNase I hypersensitive site, presumably by the exclusion of a nucleo-
some. Hence it will be of special interest to determine whether purified TATA
factor can establish the same hypersensitivity _in vitro by reconstitution in

the presence of cloned heat shock gene DNA and histones. We are reconsti-
tuting the hsp70 gene in the presence and absence of prebound TATA factor with
nucleosomal proteins supplied by chromatographically purified Drosophila
histones and other assembly factors derived from Xenopus oocytes that are
generally employed for this purpose. The integrity of the structural assembly
will be gauged by nuclease digestion and nuclease protection assays. We will
also determine the transcriptional ability of the assembled structures by
introducing them as templates for rn vitro transcription.

Regulation of the Fushi Tarazu Gene

A. Purification and Properties of ftzFl

Among the DNA binding factors that were identified by the systematic bio-
chemical screen, one factor, FtzFl, whose binding site is TCAAGGTCGCCG, was

chosen for further analysis initially because it displayed an interesting
developmental regulation. The DNA binding activity is first observed in 1.5-4

hr embryos, when the ftz gene is expressed in the stripes. The early activity
then decays, before reappearing again in an electrophoretically different form
later in embryogenesis , at about 15 hr. The activity persists till hatching,
and is present also in larval and adult life. FtzFl has been purified to

homogeneity from late embryos by conventional and affinity chromatography.
This has been an arduous task that has necessitated continuous embryo harvest
from the Drosophila mass colony for a year in order to obtain several kilo-
grams of fly embryos as starting material. Repeated purification of ftzFl is

currently in progress in order to obtain ten micrograms of protein for peptide
microsequence analysis. The sequences of the peptides will be used to design
oligonucleotide probes for identification of the ftzfl clone. The cloning of
ftzFl is also proceeding by screening of Drosophila expression libraries with
a labelled binding sequence.

B. Significance of ftzFl for ftz Gene Activity

Although the strong binding observed J^ vitro between ftzFl and its binding
site on the zebra element is suggestive of a functional interaction, it

remained possible that the observed binding was an artifact of the iji vitro
assay. In order to determine the functional importance of the binding of
ftzFl to the ftz zebra element, we constructed 2 and 4 bp substitution muta-
tions in the ftzFl binding site. These mutations destroy the binding of ftzFl
to the DNA sequence on the zebra element. Most importantly, they also result
in a decrease of ftz expression in stripes, especially in stripes 2, 3 and 6

of the embryo, when the mutant element is fused to the lacZ gene and expres-
sion assayed by X-gal staining in transgenic embryos (collaboration with
Matthew Scott's laboratory, Boulder). The findings indicate that ftzFl
positively activates transcription of the ftz gene in stripes.
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C . Analysis of Other ftz Gene Binding Factors

A second class of DNA-binding factors (ftzF2a, 2b, 2c, 2d) binds to a 68 bp
sequence within the ftz zebra control element. The 68 bp region has the poten-
tial for multiple factor interactions. Biochemical fractionation of these
factors is under way. The cloning of the ftzF2 group of factors is proceeding
by the screening of expression libraries with the wild type 68 bp sequence
and, as a control, a mutated 68 bp sequence that no longer interacts with the
binding factors.

The analysis of transgenic Drosophila carrying mutations of the 68 bp sequence
which impair the interactions with DNA-binding factors is being conducted in
collaboration with the laboratory of Matthew Scott at Boulder, CO. This
analysis will indicate the functional significance (activation or repression)
of the ftzF2 group in the regulation of ftz expression, in stripes.

Publications

:

Wu C, Tsai C, Wilson S. DNA-affinity chromatography. In: Setlow J, ed . Genetic
Engineering, vol 10. 1988;67-74.

Wu C. Analysis of DNasel hypersensitive sites in chromatin. In: Kornberg RD,

Wasserman P, eds. Methods Enzymol; in press.
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Sequencing of IIB cDNAs and a genomic element has defined the structure of this
subclass of lAP genes and revealed that they contain a long ORF potentially capable
of encoding a 47 kDa polypeptide which includes the integrase gene. In vitro
transcription/ translation has shown that such a product is made. Proteins of 47
and 24 IcDa have been detected by Western blotting in two myeloma cell lines with
antiserum to a synthetic peptide from the integrase gene region. Presence of these
proteins in cells appeared to correlate with lAP gene expression, but not with the
level of type IIB element expression. Endonuclease activity and the 47 and 24 kDa
immunoreactive proteins cofrac tionated in the same particulate fraction. The
detergent solubilized endonuclease activity in MOPC 315 cells was concentrated in
gradient fractions which included proteins in the 47 kDa size range. However, since
activity could not be inhibited or complexed with the antibody and was present in
cells not expressing lAP elements, a relationship between endonuclease activity and
the 47 kDa protein has not yet been demonstrated.
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Project Description

Objectives

:

To study factors involved in control of expression of the endogenous proviral
elements of the intrac isternal A-particle (lAP) gene family and the effect of

this expression on normal development and neoplastic transformation.
Specifically, to determine whether type II lAP genes have a functional role in

mouse cells and are expressed as protein products.

Major Findings :

In some myelomas type IIB lAP elements (a subclass of lAP genes characterized by

a specific 270 bp insertion, Allins) have undergone marked amplification and

transposition compared with embryonic cells and other myelomas. Type IIB RNA

transcripts are the major lAP RNAs expressed in these myelomas. These elements

have been shown to have extensive deletions in the gag and polymerase gene

regions, but seem to have an intact integrase coding region. Since a similar

degree of amplification of other classes of lAP elements has not been observed,

we would like to understand how this particular subset is amplified and whether

some property of the type IIB elements themselves has a role in this process. To

answer this question we have prepared a cDNA library using RNA from MOPC 315

cells which have amplified type IIB lAP elements, characterized the expressed

type IIB elements, and determined their coding capacity.

A. Structure of Amplified IIB Elements

A MOPC 315 cDNA library was prepared from gradient fractionated poly(A)+ RNA
enriched for 4 kb type IIB transcripts. Two cDNA clones, 106 and 111, were

selected by reaction with the Allins probe and cDNA 103 by reaction with a

pol region probe. The clones were sequenced on both strands by the dideoxy
method, using synthetic oligonucleotide primers. A type IIB genomic element
isolated from BALB/c embryo DNA was also sequenced. These data have allowed

us to elucidate the structure of the amplified elements.

The four clones were very similar to one another and differed substantially
from type I clones. cDNA clones 106 and 111 differed by only 2 bp among 1069

with an overall homology of 99.8%. Both of these elements shared 99%

homology with the independently isolated genomic IIB element but only 92.8

and 97.8% homology with the type I element in the regions 5' and 3' to

Allins, respectively. It is thus likely that one or multiple very closely
related IIB elements are responsible for type II gene expression in MOPC 315

cells. Clone 103 did not include the region of Allins, but clearly resembled
a type IIB element (98.5%) more than a type I element (95.9%).

In the type IIB lAP elements, Allins was inserted at position 1741 of the

intact 7 kb lAP genome, and lAP sequences between that position and

nucleotide 4391 were deleted. Position 1741 is located in the gag coding
region of the lAP genome and position 4391 at the 3' end of the reverse
transcriptase gene. There is a 66 bp duplication of sequence from the

integrase gene immediately 3' to Allins.
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All the sequenced type IIB clones had 2 open reading frames (ORFs). Upstream
of Allins ORF 1 began in the same position as that in type I elements and

continued for 325 bp. Allins contained multiple stops in all frames. ORF 2

was 1340 bp long in cDNA 106 and the genomic IIB element. cDNAs 103 and 111

also had ORFs in the overlapping regions of 1131 and 730 bp, respectively.
ORF 2 in type IIB cDNA 106 extended 27 codons beyond that found in the type
IIB genomic clone and in the full-length genomic element MIA14. An identical
extended ORF is present in an lAP element which transposed in the WEHI-3
T-cell leukemia cell line.

The protein coding capacity of the type IIB elements was confirmed by
cloning the integrase regions from both cDNA 106 and the genomic element
into a bacterial expression vector (pATH), in which the product was
synthesized as an inducible fusion protein. Both constructs produced high
levels of a 68 kDa protein detectable by staining of SDS-PAGE fractionated
insoluble proteins from bacterial cultures. The size was consistent with
translation of the lAP encoded integrase gene fused with the bacterial trpE
gene.

B. Identification of Cellular Proteins Reacting with an Integrase Peptide
Antibody

We had generated a polyvalent antiserum (EP20 Ab) by immunizing rabbits with
an oligopeptide (EP20) predicted from the nucleotide sequence of the

integrase gene in a full-length genomic lAP element. The oligonucleotide
includes a region highly conserved among other retroviruses belonging to the

same evolutionary lineage as the lAPs. Western blot analysis of the

bacterial fusion products using EP20 Ab showed the products resulted from
translation in the appropriate reading frame and that EP20 Ab could detect
such proteins specifically.

With the specificity of EP20 Ab established, we tested for reactive proteins
in MOPC 315 cells; proteins of 47 and 24 kDa were detected. The proteins
were concentrated in a 100,000 x g particulate fraction, and did not
cofractionate with lAPs . The reactions by Westerns were blocked when EP20 Ab
was preincubated with EP20, while an unrelated peptide did not block the

reaction, and EP20 did not block reaction of an unrelated antibody.

C

.

Endonuclease Activity

We had earlier detected a low level of very tightly bound endonuclease
activity associated with gradient purified lAPs which we considered as an

index of possible integrase gene function. Activity was measured by
conversion of supercoiled (form I) plasmid DNA to relaxed and linear forms
(forms II and III, respectively). The absence of proteins reacting with EP20
Ab in lAPs and their concentration in the 100,000 x g pellet led us to

examine the latter fraction for endonuclease activity. This fraction had
20-fold more activity than the lAPs on a protein basis; the activity had
identical properties to that associated with lAPs, except that it was
partially solubilized by detergent treatment. Analysis of the solubilized
material on a glycerol gradient showed that the peak of activity was

associated with material 40-50 kDa in size. Although there appeared to be
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correspondence between endonuclease activity and the presence of the 47 kDa
protein detected with EP20 Ab, treatment of the fractions with EP20 Ab had
no effect on this activity.

We compared the endonuclease activity associated with the 100,000 x g
fractions isolated from two myelomas to determine whether the levels of

activity vary in cells which express different subsets of lAP elements. If

the type IIB elements were the source of integrase protein, MOPC 315 cells,
which express primarily type IIB RNA, might be expected to have higher
levels of endonuclease than a myeloma cell line such as MOPC 21, in which
type I elements are the primary source of transcripts, although low levels
of type II RNA are also detected. lAP fractions from the two cell lines had
similar levels of endonuclease activity at several protein concentrations
and incubation times. The fractions contained similar levels of 47 and 24
k.Da proteins that reacted specifically with EP20 Ab on a Western blot. Type
I elements expressed in MOPC 21 could also encode an integrase, but we would
expect the protein to be larger than 47 kDa. We also tested the comparable
fraction from mouse liver, which does not express lAPs , for endonuclease
activity. High levels of activity were present, but no 47 or 24 kDa proteins
were detected with EP20 Ab on Western blots. However, some larger cross-
reacting protein was detected.

D. Translation of Type IIB Elements In Vitro

The structure of the type IIB elements determined by sequencing suggested
they could encode a protein of 47 kDa if translation were to initiate at a

unique methionine in ORF 2 introduced by duplication of a region of

integrase. To test this, the type IIB element was transcribed and translated
in vitro . The product contained a prominent 47 kDa protein, which, however,
could not be immunoprecipitated with EP20 Ab . The in vitro product of a

control cDNA known to have an ORF for a gag-pol fusion protein including the

integrase was also not immunoprecipitated with EP20 Ab, although it was with
a gag antibody. These results demonstrate that EP20 Ab cannot be used to

precipitate integrase protein and are consistent with the lack of effect of

the antiserum on the endonuclease activity.

Although the intracellular distribution and properties of the endonuclease
activity we measured suggest that this may be a previously uncharac ter ized
enzyme, inability to inhibit or complex the activity with EP20 Ab does not
permit us to determine whether the activities detected in comparable
fractions from two myelomas and liver result from expression of the same
protein. We have also not been able to demonstrate a relationship between
the endonuclease activity and the 47 kDa protein detected in myeloma cells
with EP20 Ab . Thus, there is not evidence at this time that an integrase
encoded by IIB elements plays a role in amplification of these lAP genes.
This project will not be continued.

Publications :

Lueders K, Kuff E. Transposition of intrac isternal A-particle genes. Prog
Nucleic Acid Res Mol Biol 1989;36:173-86.
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Regulation of secretion: Norepinephrine secretion by permeabilized PC12 cells is
ATP and Ca^^-dependent . We have used ATPyS to examine the role of phosphorylation
in the regulation of norepinephrine secretion from these permeabilized cells.
While most kinases will use ATPyS to thiophosphorylate proteins, thiophos-
phorylated proteins are resistant to dethiophosphorylation by protein phosphatases
Our results indicate that Ca^"^ regulates norepinephrine secretion in PC12 cells by
activating a kinase. Once this kinase has phosphorylated its target protein, nor-
epinephrine secretion is still ATP-dependent and no longer requires Ca^"^, Although
this kinase is Ca^'^-dependent , it appears to be independent of calmodulin, and it

!
does not appear to be protein kinase C. The role of GTP-binding proteins in the

i
regulation of catecholamine secretion is also being investigated. As has been

;

observed with other secretory cells, we find that GTPyS (or GMP-PNP) induces Ca^*-
independent norepinephrine secretion from permeabilized PC12 cells. AIF3, an
activator of GTP-binding proteins, also caused about a 3-fold increase in Ca^"*"-

' independent norepinephrine secretion. This suggests that the effect of GTPyS on I

secretion results from its binding to a GTP-binding protein.
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Project Description

A. Regulation of Contraction

Objectives:

Our general goals are to understand the roles of cytoplasmic and smooth muscle

actins and myosins, their interactions with each other and with the cell

membrane, the regulation of these interactions, and how they relate to the

various motile activities of cells and to the regulation of smooth muscle

contraction.

Major Findings:

The 20,000-dalton light chains, LC20, of vertebrate smooth muscle and nonmuscle

myosins are phosphorylated by myosin light chain kinase (MLCK). Phosphorylation

by MLCK is thought to play a central role in the regulation of smooth muscle

contraction and actomyosin-based cellular activities. In vitro , MLCK phosphoryl-

ation affects both the filament assembly and actin-activated ATPase activity of

these myosins. Under conditions in which MLCK phosphorylation causes large

increases in cytoplasmic myosin filament formation, it also causes large

Increases in the actin-activated ATPase activity. However, under conditions in

which unphosphorylated cytoplasmic myosin is mostly filamentous, both phosphoryl-

ated and unphosphorylated myosins are active and MLCK phosphorylation has only a

small effect on the actin-activated ATPase activity. Based on these results, we

have suggested that phosphorylation might regulate actomyosin-based motile

activities in vertebrate nonmuscle cells by regulating myosin filament assembly.

Smooth muscle and nonmuscle myosins may also be phosphorylated Jji vivo and hi

vitro by protein kinase C, a calcium, phospholipid-dependent protein kinase.

PKC phosphorylation partially inhibits the actin-activated ATPase activity of

MLCK-phosphorylated gizzard smooth muscle myosin but has no effect on the very

low activity of the unphosphorylated myosin. Based on these results, other

investigators have suggested that PKC phosphorylation might inhibit contractile

activity. To see if PKC might have a significant regulatory role in actomyosin-

based cellular movements in nonmuscle cells, we have- examined the effect of PKC

phosphorylation on filament formation and on the actin-activated ATPase activity

of a cytoplasmic myosin isolated from calf thymus. PKC phosphorylation had

little effect on the actin-activated ATPase activity and filament stability of

calf thymus myosin. Under conditions where MLCK phosphorylation stabilizes

filaments and increases ATPase activity, PKC phosphorylation does not reverse

the effect of MLCK phosphorylation or mimic its effect on unphosphorylated
myosin. Under conditions where unphosphorylated and MLCK-phosphorylated myosins

are both filamentous, PKC phosphorylation neither destabilized the filaments nor

inhibited the actin-activated ATPase activity. Thus, PKC phosphorylation of

LC20 does not appear to directly regulate nonmuscle myosin filament formation or

its interaction with actin.
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B: Regulation of Secretion

Objectives :

Secretion of neurotransmitters and hormones is usually triggered by an increase
in cytoplasmic calcium. The mechanism(s) by which this rise in calcium induces
secretion is unknown. The proteins and other molecules involved in the fusion of
the secretory vesicles with the plasma membrane have not been identified, and
the mechanism of this fusion is unknown. We are using permeabilized PCI 2 cells
and bovine chromaffin cells to investigate roles of Ca^"^, ATP, GTP, and protein
phosphorylation in secretion. This line of investigation may allow us to
determine how Ca^* induces secretion and to identify some of the proteins
involved in the final steps of the secretory process.

Major Findings :

Rat pheochromocytoma PCI 2 cells have many of the characteristics of adrenal
chromaffin cells. In response to K"^-induced depolarization PCI 2 cells secrete
catecholamines in a Ca^^-dependent manner. Exposure of PCI 2 cells to low concen-
trations of digitonin permeabilizes the plasma membrane but leaves the secretory
vesicles intact. The release of catecholamines from these 'permeabilized cells
is Ca^"^ and ATP-dependent and occurs by exocytosis, i.e. fusion of the secretory
vesicles with the plasma membrane. Permeabilization of the plasma membrane
gives access to the cytoplasm and allows one to investigate the mechanism of
secretion.

One possible mechanism by which a rise in intracellular Ca^"*" could regulate
secretion is protein phosphorylation by Ca^^-dependent kinases. While stimula-
tion of a variety of secretory cells has been shown to result in increased
levels of protein phosphorylation, there is no direct evidence that these phos-
phorylations regulate secretion. We have used adenosine-5'-(3-thio)triphos-
phate, ATPYS, to investigate the role of phosphorylation in the regulation of
norepinephrine secretion from permeabilized PCI 2 cells. While many kinases will
use ATPYS to thiophosphorylate proteins, thiophosphorylated proteins are resist-
ant to dethiophosphorylation and remain thiophosphorylated under conditions in

which phosphorylated proteins are dephosphorylated.

Permeabilized PCI 2 cells were incubated with ATPYS for various lengths of time
in the absence of Ca^"*". The ATPYS was removed, and the release of norepineph-
rine was determined in the presence and absence of Ca^"*" and in the presence and
absence of ATP. Preincubation with ATPYS increased the amount of norepinephrine
secreted in the absence of Ca2+, but it had no effect on the amount released in

the presence of Ca2+. After a 15 minute preincubation in 1 mM ATPYS, there was
almost as much norepinephrine secretion in the absence of Ca^* as in its
presence. The effect of ATPYS appears to be specific because including ATP in

the preincubations inhibited the effect of ATPYS. Secretion of norepinephrine
from ATPYS-treated cells was still ATP dependent. This indicates that ATP
participates in at least two steps in the secretory pathway. The rate of modifi-

cation by ATPYS was Ca^'^-dependent as brief preincubations with ATPYS in the

presence of Ca^* resulted in higher levels of Ca^^-independent secretion than
did preincubations with ATPYS in the absence of Ca2+. Similarly, brief preincu-
bations with ATP in the presence of Ca2+ resulted in elevated levels of Ca^*-
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independent secretion. These results suggest that norepinephrine secretion by

PCI 2 cells is regulated by a Ca2"''-dependent phosphorylation. Once this phos-

phorylation has occurred, norepinephrine secretion is still ATP-dependent but no

longer requires Ca^*, When permeabilized PCI 2 cells are incubated with ATP in

absence of Ca2+, Ca^^-independent phosphatases keep the level of phosphorylation
low, and secretion does not occur. When the cells are incubated with ATPTS in

the absence of Ca^""", there is a slow build up of thiophosphorylated protein, and

the cells secrete. When the cells are preincubated with ATPYS in Ca^*, the

kinase is activated resulting in higher levels of thiophosphorylation and higher
subsequent levels of Ca^^-independent norepinephrine secretion. Although this

kinase is Ca^^'^-dependent , it appears to independent of calmodulin, and it does

not appear to be protein kinase C. While this model is based primarily on the

effects of ATPYS, the increased levels of Ca^'^-independent secretion from
permeabilized cells preincubated in Ca^"*" and ATP are consistent with norepineph-
rine secretion being regulated by a Ca^""" -dependent phosphorylation.

GTP-binding proteins have been implicated in the regulation of secretion both at

the level of signal transduction and in some undefined way that occurs after
signal transduction. As has been observed with other secretory cells, we have
found that GTPTS (or GMP-PNP) induces Ca^^-independent norepinephrine secretion
from permeabilized PCI 2 cells. This Ca^^-independent norepinephrine secretion
is ATP-dependent. The level of norepinephrine secretion in the presence of Ca^"*"

is not affected by GTPYS. GTP and GDP6S inhibit the effect of GTPTS on Ca2+-
independent norepinephrine secretion but have no effect on norepinephrine secre-
tion in the presence of Ca^*. The effect of GTPYS does not appear to be due to

the release of Ca^*, to the activation of protein kinase C, nor to the release
of CAMP or cGMP. Presently, the mechanism by which GTPYS increases Ca^*-
independent secretion is unknown. The ability of these GTP analogs to induce
Ca^'^-independent secretion suggests the involvement of a GTP-binding protein.
Because AIF3 will activate GTP-binding proteins, we examined its effect on

norepinephrine secretion in these permeabilized cells. The addition of 5 yM
AlS'^ and 5 mM F~ caused about a 3-fold increase in Ca^^-independent norepineph-
rine secretion. This indicates that the effect of GTPYS on secretion results
from its binding a GTP-blnding protein. Extraction experiments indicate that
this GTP-binding protein is on either the plasma membrane or the secretory
vesicle membrane. We have found that the membrane of the secretory vesicle
contains several GTP-binding proteins.

Publications:

Wagner PD, Vu ND. Filament assembly and regulation of the actin-activated
ATPase activity of thymus myosin. Biochemistry 1988;27:6236-42.
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Mechanisms that account for the stable inheritance of unit-copy plasmids
continue to be the subject of our research. In the period of this report we

have (1) demonstrated that the steric relationship between the origin of PI

plasmid replication and a replication control locus influences the efficiency
of control. This result confirms our independent evidence for a physical
interaction between the two loci; (2) more precisely mapped and characterized
mutations within the repA gene of PI that differentially affect the initiation
function of RepA and a dominant inhibitory function of the repA gene that is

expressed on over transcription. The mutations were shown to incidentally alter
other properties that are being studied in vivo and (in collaboration with S.

Wickner) _in vitro ; (3) demonstrated that the lytic replicon of PI is a

participant in Pi plasmid maintenance; (4) mapped to rpoB one of several host
mutations that were isolated as specifically deficient in miniPl plasmid
replication, thereby implicating a highly specialized role for RNA polymerase in

the replication of this plasmid; (5) provided genetic evidence for roles of heat
shock proteins DnaJ, DnaK, and GrpE in the plasmid replication of Pi and of the
fertility factor F. This is the first evidence for the participation of these
proteins in plasmid replication; (6) mapped and cloned one of two components of
a PI addictive system that assures the retention of PI plasmid; (7) determined
the extent to which host protein IHF and DNA supercoiling dramatically increase
the affinity of the PI partitioning protein ParB for Che plasmid centromere,
parS.
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Project Description

Objectives :

We aim to elucidate mechanisms that (1 ) precisely control the initiation of DNA

replication and (2) assure the stable maintenance of replicons by (a) appropri-
ately partitioning them to daughter cells and (b) causing the death of cells

from which the replicon has been lost. This year increasing emphasis has been
placed on the participation of host proteins in these processes.

Major Findings:

A. Position Effects on the Expression of a Replication Control Element

PI plasmid replication is normally controlled by a locus, incA , composed of

nine binding sites for the PI initiator protein, RepA. With the recognition
by Pal and Chattoraj (1988) that even a single binding site for the

initiator protein can exert a significant inhibitory action on PI plasmid
replication, it has become possible to examine whether (and how) the

orientation and distance between the plasmid origin and a discrete control
locus affect the efficiency with which control is exerted. Dasgupta and

Chattoraj have found that the efficiency of replication control is sensitive
to both these variables. The plasmid copy number was lowest when the

binding sites were inverted with respect to each other and on the same face
of the DNA helix. These data provide independent evidence in support of the
hypothesis of Chattoraj et al. (1988) that an interaction between DNA-bound
RepA molecules mediates copy number control.

B. Characterization of Inhibitor-Resistant repA Mutants

Muraiso and Chattoraj have obtained several mutations in repA that
inactivate the gene product for replication, but retain the capacity of the
over-transcribed gene to inhibit replication of a wild type plasmid _in trans .

Mutations in repA that are insensitive to this second inhibitor have
also been obtained. Of several such mutant miniPI plasmids studied,
one was shown to be characterized by a high copy number and partial
incA-insensitivity, both _in vivo and (by Wickner) _in vitro . A remarkable
property of this mutant is that it mediates the replication of a miniPI that
lacks the DnaA-binding sites normally essential to plasmid origin function,
but the replication is nonetheless DnaA-dependent.

C. Participation of the Lytic Replicon in PI Plasmid Maintenance

The lytic replicon of PI, previously characterized by Hansen (1989) - in

part during tenure of a Fogarty fellowship in this laboratory - was shown
by Yarmolinsky et al. (in press) to be a participant in PI plasmid
maintenance. PI joins the increasing number of plasmids that are
recognized as being composed of more than a single replicon.

D. Host Participation in PI Plasmid Replication

The participation of E. coli heat shock proteins DnaK, DnaJ, and GrpE in

miniPI plasmid replication was shown in a series of genetic experiments by
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Tilly and in a parallel series of biochemical experiments by Wickner.

Genetic experiments with a miniF also performed by Tilly suggest that the

replication of these similarly organized plasraids shows similar dependencies
on DnaK, DnaJ, GrpE.

Ghosh and Chattoraj have isolated E. coli mutants that specifically impair

PI plasmid replication. One such mutant appears to carry an rpoB mutation,
suggesting a highly specialized role for RNA polymerase in the replication
of PI as a plasmid.

E. Preliminary Genetic Analysis of Addictive Functions of PI

We previously noted that PI plasmid loss causes cellular filamentation and

death and that these symptoms of addiction could be prevented by particular
X-P1 chimeras. Yarmolinsky and Tilly have since identified a particular PI

EcoRI fragment to which the DNA of these chimeras hybridize. Clones of the

region bearing the gene(s) that prevent host death ( phd ) in more versatile
vectors than those originally employed have been constructed by Maguin.

Isolation procedures by which to isolate the gene(s) responsible for death
on curing ( doc ) are being developed.

F. Role of IHF and Supercoiling in ParB Binding to the Plasmid Centromere

Participation of the DNA-bending protein Integration Host Factor (IHF) in

the binding of PI partitioning protein ParB to the plasmid centromere, pars ,

was demonstrated last year by Funnell, This year she has undertaken to

characterize the complexes of ParB with IHF and variant forms of pars . Her

studies show that IHF and supercoiling each increases the affinity of ParB
for pars by at least two or three orders of magnitude. Nevertheless,
centromere activity is retained by variants of parS that cannot be

stimulated by IHF. Despite a claim to the contrary, Funnell' s evidence from
competition experiments suggests that that IHF-insensitive variants of parS

do not exhibit an altered specificity for subsequent partitioning.

Publications:

Yarmolinsky MB, Sternberg N. Bacteriophage PI. In: Calendar R, ed. The

Bacteriophages, vol 1. 1988; New York: Plenum Press, pp. 291-^38.

Pal SK, Chattoraj, DK. PI plasmid replication: initiator sequestration is

inadequate to explain control by initiator-binding sites, J Bacterid
1988;170:3554-60.

Funnell BE. Participation of Escherichia coli integration host factor in the PI

plasmid partition system, Proc Natl Acad Sci USA 1988;85:6657-61.

Hansen EB. Structure and regulation of the lytic replicon of phage PI , J Mol
Biol 1989;207:135-50.

Yarmolinsky, MB, Hansen EB, Jafri S, Chattoraj DK. Participation of the lytic
replicon in PI plasmid maintenance, J Bacterid 1989; in press.
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SUMMARY CF WORK (Usm sonata urraaucma lyp*- Oo not «ea*o ma soaea prmama.)

Our research is aimed at understanding the molecular mechanism of meiotic
recombination in the yeast Saccharomvces cerevisiae and the means by which yeast
exerts control over meiotic recombination. Techniques to detect heteroduplex DNA
molecules formed during raeiosis have been refined. These techniques have been
used to determine the specificity of base-pair mismatch correction, the polarity
of strand transfer during meiosis, and the timing of formation of heteroduplex DNA
during meiosis. We have performed studies which address the roles that meiotic
transcription and chromatin structure play in determining the level of meiotic
recombination in a region. Finally, we have begun a search for sequences which
modulate the level of meiotic recombination in their vicinity.
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Project Description

Obiectives

:

Our immediate objective is an understanding of the molecular mechanism of mei-
otic recombination, using the yeast Saccharomyces cerevisiae as a model system.

We are applying a methodology which allows detection of heteroduplex DNA mole-
cules to and detailed examination of the molecular exchange and mismatch correc-
tion events which occur during meiosis.

We are also continuing our examination of the means by which control is exerted
over the level of meiotic recombination in different parts of the genome and the

gene products which participate in that control. We have completed an examina-
tion of the possible roles that transcription and chromatin structure have in

regulating the level of meiotic recombination at different genomic locations,
and are currently engaged in a search for "hot" and "cold" spots for meiotic
recombination

.

Major Techniques Employed and Major Findings:

A. Detection of Heteroduplex DNA Products of Meiotic Recombination

In the previous report, we described the adaptation of the denaturant-
gradient gel technique of Fischer and Lerman (Proc Natl Acad Sci USA
1983 ;80; 1579) to allow detection of heteroduplex DNA molecules containing
single base-pair mismatches. This modification allows the sensitive detec-
tion and resolution of the two mismatch configurations possible at a given
site. We applied this methodology to examination of the meiotic behavior of

a G > C transversion mutation in the ARG4 gene, and determined that only C/C
mismatches escape mismatch correction and are found in spores. We were also
able to deduce that the coding strand of the ARG4 gene was predominantly the
one transferred to form heteroduplex DNA during meiotic recombination.
However, limitations on the sensitivity of our assay made difficult a quanti-
tative assessment of the biases in mismatch correction and strand transfer.
Christophe Goyon has now refined the resolution and sensitivity of the above-
described technique to the point where he can detect one heteroduplex
molecule per 1000 haploid genomes. He is currently determining the timing of
formation of heteroduplex DNA during meiosis; preliminary results indicate

that heteroduplex molecules appear at very nearly the same time that cells
become committed to carry out meiotic recombination. He is also examining
the behavior of mutations in other yeast genes, to confirm the conclusions
described above.

B. Analysis of Transcription and Chromatin Structure During Meiosis

In a large number of organisms, from. yeast to man, different regions of the
genome display widely different frequencies of meiotic recombination. In

yeast, reporter genes inserted in a region display meiotic recombination
frequencies commensurate with that observed for the region. Carol Wu and
Michael Lichten have taken advantage of this finding to search for properties
of regions displayed during meiosis which correlate with recombination
activity. We initially examined the possibility that transcriptional
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activity during meiosis was the sole determinant of the rate at which a gene

recombined. We measured levels of transcript during meiosis of the LEU2 gene

inserted at several loci; these insert loci displayed a greater than 30-fold

range in levels of meiotic recombination; however, there was no difference

between strains in the relative level of LEU2 mRNA at any time after initia-

tion of sporulation. These findings appear to rule out transcriptioa as a

primary determinant of the level of recombination in a gene. We have

extended this study to an examination of alterations in chromatin structure

of the same inserts, initially at the level of nuclease hypersensitivity.

Preliminary results indicate a lack of difference between "hot" and "cold"

loci in their patterns of DNase I hypersensitivity.

C. Sequences Which Modulate the Level of Meiotic Recombination

Michael Daly has initiated a search for sequeaces which either stimulate or

repress meiotic recombination in their vicinity. This approach takes

advantage of the fact that position effects are also observed in meiotic
recombination between copies of leu2 present at different genomic locations
(ectopic recombination). He has constructed strains with a deletion of the

aormal LEU2 locus that removes part of the coding region and a large region
of 5' upstream sequences. He is -creating a library of yeast DNA fragments in

plasmids containing leu2 point mutants, which will be used to create a series
of isogenic strains with the insert-containing plasmids inserted at either a

"hot" or "cold" locus. In these strains, the frequency of Leu"*" recombinants
is a function of the level of meiotic recombination at the insert locus.
Strains are sporulated and screened for inserts which confer either a higher
or lower frequency of Leu"*" recombinants. He has also developed a replica-
plating screening procedure which allows rapid processing of large numbers of
trans formants . Preliminary experiments have supported the validity of this

approach. Once transformants containing putative recombination modulators
are obtained, the inserts will be recovered in E. coli by plasmid rescue,
subcloned, and rescreened to localize sequences of interest.

Publications

:

Lichten M, Haber JE . 1989. Position effects in ectopic and allelic mitotic
recombination in Saccharomyces cerevisiae

,

Genetics; in press.

160



DEPARTMENT OF HEALTH ANO HUMAN SERVICES • PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT zqI CB 05269-02 LB

PERIOD COVERED
October 1, 1988 to September 30, 1989

TITLE OF PROJECT (BO cftaracnra or laa. ritla muat tit on ont linm oatwaan ma ooraars.)

DNA Synthesis in Mammalian Cells: Studies of Nucleic Acid Binding Proteins

PRINCIPAL INVESTIGATOR (Ust amar pmtaMionai panonnai oanw ma Pnnaoal invasvgaior I iNama. iitia, laooratory. ana insmuta altlhaoori

S. H. Wilson Medical Officer LB NCI
A. Kumar Expert LB NCI
P. Becerra Guest Researcher LB NCI

COOPERATING UNITS (it any)

H.R. Guy, NCI; K. Seamon, FDA; K. Williams, Yale; R. Karpel, University of
Maryland; F. Cobianchi, CNR, Pavia, Italy; B. Kay, University of North Carolina

LA8/BRANCH
Laboratory of Biochemistry, DCBD

SECTION

Nucleic Acid Enzymology Section

INSTmjTE AND LOCATION

National Cancer Institute, NIH, Bethesda, MD 20892

TOTAL MAN-YEARS:

0.6
PROFESSIONAL:

0.3 0.3

CHECK APPROPRIATE BOX<ES)

D (a) Human subjects Q (b) Human tissues D (c) Neither

D (a1) Minors B

n (a2) Interviews

SUMMARY OF WORK (Usa stanaua jnnaucaa ryp*. Do not axcaaa ma spaca promomd.)

Physical biochemical studies of a single-stranded nucleic acid binding protein
termed Al were conducted. The protein binds cooperatively to either RNA or DNA
and the full length protein binds much tighter than a truncated Al protein lack-
ing the glycine-rich COOH-termiaal domain (residues 185-319). Our studies sug-
gest the mechanism of Al binding is, in some respects similar to that of two
well-known prokaryotic ssDNA binding proteins: Binding involves charge-charge
interactions and close approach of aromatic amino acids to nucleotide bases. Our
findings suggest that both the NH2-termiaal and COOH-terminal domains of the
intact Al protein make significant contributions to the overall free energy of
binding of Al to nucleic acids. cDNAs for Xenopus cognates for the mammalian Al
protein have been isolatedand characterized.
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Project Description

Objectives:

The ultimate objective of this research program is to understand mechanisms of

DNA synthesis in mammalian cells. Our main approaches are enzymology and
physical biochemistry of DNA synthesis proteins and examination of DNA
replication in vitro using purified polymerases and other required proteins.

It is anticipated that these studies on the properties, specificities, and regu-

lation of DNA replication proteins will, in conjunction with results from other
laboratories, help answer important questions about mechanisms and control of

DNA replication in the mammalian cell.

Major Findings:

A. Structure-Function Studies of the Single-Stranded Nucleic Acid Binding
Protein: Mammalian hnRNP Protein Al

Immediately following transcription, heterogeneous nuclear RNA (hnRNP)
becomes associated with a group of proteins to form a ribonucleoprotein
(hnRNP) complex that is believed to function in the processing, stabil-
ization and transport of unique sequence transcripts. Earlier, we cloned
a cDNA for the Al hnRNP protein and then over-produced the protein in E.

call. We now are using a variety of physiocochemical approaches to
identify functional domains in the protein. Sequencing revealed that the
first 18^ amino acids in Al contain an internal repeat such that when
residues 3-93 are aligned with 94-184, 33? of the amino acids are
identical. Limited proteolysis and photochemical cross-linking
experiments indicate that the internal repeats in Al correspond to two
independent nucleic acid binding domains.

With a view toward understanding structure-function relationships of a

protein component of the eukaryotic heterogeneous ribonucleoprotein
complex, we have studied the interactions of recombinant Al protein, its
N-termlnal two-thirds (UP1), and C-terminal domain with the fluorescent
polynucleotide, poly (ethenoadenylic acid), poly(eA). The overall
binding affinity of Al for poly(£A) is significantly greater than that of
UPl . This can be partly, but not entirely explained by the existence of
cooperativity in Al -nucleic acid interactions: The cooperativity
parameter, u, for Al-poly(eA) interaction is about 30, whereas UPl binds
nucleic acids non-cooperatively (a)=l). Gel retardation experiments
performed with Ml 3 DNA also show cooperative binding for intact Al and
non-cooperative binding for UPl. We now have found conditions for
controlled proteolysis of Al such that the COOH-terminal domain can be
isolated in good yield. Binding experiments with the C-terminal domain
show that this polypeptide is capable of binding to single-stranded
nucleic acids. These results suggest that intact Al has at least two
potential binding regions for nucleic acids: one within the N-terminal
domain and one within the C-terminal domain. Both intact Al and the
C-terminal domain are capable of protein-protein association. A

synthetic peptide that is a polymer of the consensus sequence of the Al
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C-terminal domain, GNFGGGRGGNYGGSRG (-10,000 daltons), binds poly(eA)
tenaciously and cooperatively (a)~25). Competition titrations in the

presence of other polynucleotides, e.g. poly(U), indicate that this
polypeptide has a strong affinity for other nucleic acids, as well.
Site-directed mutagenesis experiments are in progress to test the

contribution of specific amino acid residues to the binding affinity.

2. We have identified the Xenopus cognates for the mammalian A1 protein. We
isolated several Xenopus clones from oocyte, tailbud embryo, and leg
muscle cDNA libraries and determined their nucleotide sequences. Except
for insertions and deletions, the deduced Xenopus oocyte A1 protein
sequence is 92^ identical to the rat protein. The rat and Xenopus
proteins are very similar at the secondary structure level as well.
There are two segments in the COOH-terminal domain where deletions or

insertions are apparent: the rat protein does not have a 48 residue
sequence that is present in the frog protein, and the frog protein does
not have a 12 residue sequence that is present in the rat protein. We
have confirmed that the Xenopus oocyte A1 protein is larger than rat A1

,

by transcribing and translating the oocyte cDNA clones ui vitro , followed
by gel electropheresis. A second isoform of the Xenopus A1 protein has
been identified by examination of cDM clones isolated from embryonic and
adult leg muscle cDNA libraries. This second isoform has a different
COOH terminus compared to the oocyte A1 form. Our findings suggest that
both isoforms are encoded by 1-2 genes and are the result of alternative
splicing that is developmentally regulated. We discuss the biological
implications of alternative forms of the A1 component of heterogeneous
nuclear ribonucleoprotein (hnRNP) particles.

Publications:

Jensen L, Kuff EL, Wilson SH, Steinberg A, Klinman D. Antibodies from patients
and mice with autoimmune diseases react with recombinant hnRNP core protein A1

,

J Autoimmunity 1988;1:73-83.

Wilson SH: Mammalian hnRNP complex protein A1 and mechanism of single-stranded
nucleic acid binding (Review). In: Wilson SH, ed. Biosynthesis. Caldwell, NJ,
Telford Press; in press.

Trauger RJ, Talbott R, Gulp P, Lipkin lA, Karpel R, Wilson SH, Elder, JH. Shared
five amino acid epitope in endogenous retroviral GP70 and A1 hnRNP protein, J
Virol; in press.

Kay BK, Sawhney R, Wilson SH. The primary structure and identification of
isoforms of the A1 heterogeneous nuclear ribonuclearprotein of Xenopus laevis ,

Proc Natl Acad Sci USA; in press.
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SUMMARY OF WORK lUsm sanoaia unrnaucma (yp». Oo not axctma tm soaca promaaa.)

We continued detailed biochemical studies on mechanisms of action of mammalian
DNA replication proteins. Steady-state kinetic analysis of the HIV reverse
transcriptase revealed an overall kinetic scheme for the reverse transcriptase
mechanism. In addition, properties of the first two steps in the proposed
reaction pathway were obtained. A DNA segment containing the coding region for

this enzyme was subcloned in an expression vector, and the enzyme was overproduced
in E_^ coli . This recombinant enzyme is under study.

164
PHS SOW (Raw i;84» aPO •! A— It



Z01 CB 05270-02 LB

Project Description

Objectives:

The ultimate objective of this research program is to understand mechanisms of

DNA synthesis in mammalian cells. Our main approaches are enzymology of DNA

synthesis proteins and examination of DNA replication _in vitro using purified
polymerases and other required proteins.

It is anticipated that these studies on the properties, specificities, and regu-
lation of DNA replication proteins will, in conjunction with results from other

laboratories, help answer important questions about mechanisms and control of

DNA replication in the mammalian cell.

Major Findings:

A. Structure-Function Relationships of HIV Reverse Transcriptase

1. Enzyme-Primer Complex. A study of steady-state kinetics of
polymerization by purified HIV DNA polymerase (reverse transcriptase)
has been conducted. DNA synthesis was examined using a system of poly
r(A) as template, oligo d(T) as primer, and dTTP as nucleotide substrate.
The substrate initial velocity patterns point to an ordered mechanism
with template primer adding first. This year, primer recognition by

purified HIV reverse transcriptase has been investigated. Earlier we

had found that the reaction pathway for DNA synthesis is ordered, with
template-primer and free enzyme combining to form the first complex in

the reaction sequence. We now find that d(C)28 is ^ linear competitive
inhibitor of DNA synthesis against poly[r (A) ]-oligoCd(T) ] as template-
primer, indicating that d(C)28 ^^'^ the template-primer combine with the

same form of the enzyme in the raction scheme, i.e., the free enzyme.

The phosphorothioate oligodeoxynucleotide Sd(C)28 also is a linear
competitive inhibitor against template-primer. However, the K^ for

inhibition (-2.8 nM) is -200-fold lower that the K^ for inhibition by

d(C)28' Since the inhibition is linear competitive, the dissociation
constant is equal to the K^ for inhibition. Filter binding assays
confirmed high-affinity binding between Sd(C)28 and the enzyme and
yielded a K^ similar to the Kj^ for inhibition. Substrate kinetic
studies of DNA syntheis using Sd(C)28 as primer, and polyCr(I)] as

template, revealed that the Kj^ for Sd(C)28 is 24 nM. The K^, for this
primer is, therefore, 8-fold higher than the Kq for enzyme-primer
binding (2.8 nM). These results enable calculation of rate values for
the enzyme-primer association (kQn=5.7X10°M~l s~^

) and dissociation

(koff=1.6 s"1).

2. dNTP Recognition. Primer and dNTP recognition by purified HIV reverse
transcriptase were further investigated. Earlier kinetic studies
indicated that the reaction pathway for DNA synthesis is ordered, with
template-primer and free enzyme combining to form the first complex in

the reaction sequence (Majumdar et al., 1988). Through use of a

substrate analogue for primer, further evidence was obtained for this
first complex in the pathway, and rate values for enzyme-primer
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association and dissociation were calculated. We found that 3'azido-
dTTP is a linear competitive inhibitor of DNA synthesis against the
substrate dNTP (dTTP) in the poly [r(A)]-oligo [d(T)] replication system.
This indicates that 3'azido-dTTP and dTTP combine with the same form of
the enzyme in the reaction scheme, i.e., the enzyme-primer complex. A
second analogue, 3'amino-dTTP, also is an inhibitor against dTTP, but
the mechanism is linear noncompetitive, indicating that dTTP and this
inhibitor do not combine with the same form of the enzyme. Since the
inhibition with 3'azido-dTTP is linear competitive, the dissociation
constant is equal to the Kj_ for inhibition (20 nM). Next, subtrate
kinetic studies of DNA synthesis using 3'azido dTTP as substrate
revealed that the K^, is 2yM. Therefore, the K^ for this substrate
analogue is 100-fold higher than the Kq for binding to the enzyme-primer
complex. This difference is consistent with the proposed kinetic scheme
and is due to the effect of enzyme-primer complex dissociation on the
value of Kfn. These results enable calculation of real time rate values
for the enzyme-oligo dT association (kQn=2.4x10^M~^ s"^

) and dissociation

(koff=35s-1).

B. Polymerase Error Mechanisms

1. We examined misincorporation by purified HIV-1 reverse transcriptase.
The enzyme shows "bypass" synthesis in the absence of an individual dNTP
substrate in a (|)X17'< DNA template system. This bypass occurs during
processive synthesis where the enzyme misincorporates and proceeds with
replication rather than dropping off the template. In the presence of
both dGTP and dTTP, the "error rate" for dGMP incorporation on poly rA
template is 1/150. The results indicate that the HIV reverse tran-
scriptase can tolerate certain base mismatches and could provide genetic
diversity through error-prone replication. Tolerance of an A:G mispair
is strong, such that with poly rA as template extensive processive poly
dG synthesis is conducted. Enzyme processivity and polymerization rate
for dGMP or dTMP incorporation are about the same, whereas the % for
dGTP is approximately 1000-fold higher. Comparison of thermodynamic
parameters for dGMP misincorporation and dTMP incorporation indicates
different free energy of activation (AG*) values, 13.6 and 9.2 kcal/mol,
respectively, and a large difference in entropy of activation (AS*);
dTMP incorporation has a AS* of 73 cal/K mol, whereas AS* for dGMP
misincorporation is -21 cal/K mol. These data suggest that a key
differences in the mechanism between incorporation with A:T base pairing
and incorporation with A:G mispairing in this system may be one
exclusion of water molecules from the normal base pair and 2 G-G
stacking interactions.

2. DNA-dependent DNA synthesis in vitro by HIV-1 reverse transcriptase (RT)
is relatively error-prone. The enzyme, whether recombinant or from
virus particles, produces errors while replicating M13mp2 DNA at a rate
that, if operative _in vivo would produce about five mutations per genome
per round of replication. Sequence analysis of mutants resulting from
in vitro synthesis demonstrates that the enzyme has unusual error
specificity. Base substitution and one base frame shift mutational
hotspots are observed. The specificity and position of errors suggest
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that most of the frameshifts and many of the base substitutions are
initiated by template-primer slippage. Processivity analysis for the
enzyme on the Ml 3mp2 DNA template reveals strong termination at specific
sites. Termination sites within homopolymer sequences correlate with
the frameshift mutational hot spots. The results suggest that the
formation and/or utilization of misaligned template-primers is increased
during the dissociation-reinitiation phase of the reaction.

Publications:

Majumdar C, Abbotts J, Roder S, Wilson SH. Studies on the mechanism of HIV DNA
polymerase: steady-state kinetics processivity and polynucleotide inhibition, J

Biol Chem 1988;263:15657-65.

Abbotts J, SenGupta DN, Zon G, Wilson SH. Studies on the mechanism of
Escherichia coli DNA polymerase I large fragment: effect of template sequence
and substrate variation on termination, J Biol Chem 1988;263:15094-103.

Majumdar C, Stein C, Cohen J, Broder S, Wilson SH: The stepwise mechanism of
HIV reverse transcriptase: primer function of phosphorothioate oligodeoxynucleo-
tide. Biochemistry 1989;28:1340-6.

Bebenek K, Abbotts J, Robert J, Wilson SH, Kunkel TA : Specificity and mechanism
of error-prone replication by HIV reverse transcriptase, J Biol Chem; in press.

Abbott J, Wilson SH. Kinetics and thermodynamic parameters of misincorporation
by HIV reverse transcriptase, J Biol Chem; in press.
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SUMMARY OF WORK (Usa stanaan) unnaucae tyoa. Do not ajtcaatf ma spaea premaml.)

The human prothymosin a gene family has been cloned, isolated, and sequenced

almost in its entirety. It consists of one functional gene, four processed

pseudogenes, and one probable processed pseudogene. It is not known whether any

of the pseudogenes is expressed; however, two of them contain open reading

frames which encode proteins with 95 and 91% sequence homology when compared to

one of the proteins encoded by the functional gene. The gene gives rise to two

cDNAs by a unique form of alternate splicing. Functional studies of prothymosin

a cDNAs, mRNAs, cloned genes, transfected genes, and synthetic and natural

proteins are not consistent with the proposed extracellular function of

prothymosin a. Prothymosin a appears to be an intracellular protein which is

required for cell division.

The mechanism of action of the ribonuclease H activity of reverse transcriptase

from avian myeloblastosis virus and human immunodeficiency virus has been

investigated. Contrary to previously held views, both ribonuclease H activities
are endonucleases; they are apparently more sensitive to the conformation of the

DNA:RNA substrate than the normal, cellular ribonuclease H activities. An

inhibitor of the viral enzymes that has no effect on the normal ribonuclease H

has been identified.

I

I
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Project Description

Prothymosin a

Objectives :

The function of prothymosin a has been in question ever since we isolated a

full length cDNA clone. Traditionally, prothymosin a was believed to be a

precursor for a series of related thymic hormone-like peptides. One of these,
thymosin ai , is a highly acidic derivative containing the first 28 amino acids
of prothymosin a. It was believed to play a role in the immune system by

stimulating immunoresponsiveness or immunocompetence in a variety of assays and
by promoting the differentiation and maturation of immature thymocytes. Using
an antibody to thymosin a-| , the peptide could be detected at very low levels in
the serum of normal individuals and at elevated levels in certain disease
states, one of which was AIDS. In keeping with its function in the immune
system, the peptide was shown to protect susceptible mice against opportunistic
infections caused by Candida albicans . Thymosin a-| , used therapeutically, was
of limited value in the treatment of cancer, but provided symptomatic relief to

immunosuppressed patients following irradiation: it was effective in improving
the mixed lymphocyte response and in restoring or maintaining the correct ratio
of helper to suppressor T cells. Treatment with thymosin a-| did not increase
the total number of circulating lymphocytes in these patients.

Further advances in thymic research did not support the prevailing view of
thymosin ai . When analyzed under strictly denaturing conditions, the thymus
contained no thymosin a-] ; related sequences were found in prothymosin a, a

protein of greater than 110 amino acids. Enzymes capable of processing
prothymosin a into thymosin a-] were conspicuously absent. Furthermore, at least
part of what the antibody to thymosin cti recognized in sera was prothymosin a.

The precursor-product relationship seemed to be even more untenable when'

prothymosin a performed better than thymosin a-] in the mouse protection assay
and in the lymphokine stimulation test. It seemed as though prothymosin a was
the active hormone.

Studies of prothymosin a cDNAs, mRNAs, cloned genes, transfected genes, and
synthetic and natural proteins carried out in this laboratory are not consistent
with the proposed extracellular function of prothymosin a. Two distinct cDNAs
obtained in this laboratory did not contain nucleic acid sequences encoding an
amino terminal signal peptide. Neither did they encode an internal hydrophobic
region which might facilitate transport from the cell. Since an analysis of
human DNA revealed a complex picture at the genomic level, it was possible that
the isolated cDNAs represented an intracellular form of prothymosin a and that a

cDNA encoding a secreted form had not yet been discovered. Alternatively,
prothymosin a might be exclusively intracellular. Given these findings, it has
become our aim to understand the role or roles played by prothymosin a and
prothymosin a-like proteins regardless of their location in the cell.

Major Findings :

During the past year, we have completed the analysis of prothymosin a. genes
which were cloned and partly characterized previously. We have now shown that
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six genes account for all of the human genomic DNA fragments capable of

hybridizing at high stringency with prothymosin a cDNA. The six genes called

26, 28, 32, 34, 112, and 150 have been subcloned and sequenced with the

exception of intron 1 of gene 28, and the extreme 3'~end of gene 150. The genes

are approximately 905^ homologous at the nucleic acid level.

Gene 28 meets all of the requirements for a functional gene. It has

upstream regulatory elements including two CCAAT boxes at positions -115 and

-83, respectively, and a TATA box at position -34. The TATATTAAA sequence is

separated from the transcriptional start site (position 1 ) by a 24 base region
with a GC content of 7555. The transcribed gene consists of 5 kb including 5

exons with sizes from 5' to 3' of 221, 72, 97, 74, and 731 base pairs,

respectively. The nucleotide sequence of the exons matches that of the open

reading frame in one cDNA perfectly, but differs from the sequence of the 5'-

and 3'-noncoding regions at seven positions. The 4 introns are -2600, 465, 459,

and 285 base pairs, respectively. This gene apparently codes for two cDNAs by a

variation of alternate splicing that has not been described before. The

differential splicing mechanism affects the last triplet of intron 2 and first

triplet of exon 3. Following a CT-rich region at the 3'~end of intron 2 are two

GAG triplets: if the splice occurs immediately after the first AG sequence, the

second GAG triplet becomes the first codon in exon 3 and results in the addition
of a glutamic acid residue to the protein at position 40; if, on the contrary,
the splice occurs after the second of the triplets in question, the GAG triplet
remains within the intron and the glutamic acid residue is absent. This might

be a general mechanism for manipulating a single amino acid, most probably a

lysine (AAG) or a glutamic acid (GAG), in a protein. Since the glutamic
acid-containing cDNA comes from fibroblasts, and the deficient cDNA comes either
from spleen or lymphocytes, differential splicing may arise in a tissue specific
manner

.

Four of the five remaining genes have been classified as processed
pseudogenes because they meet the following criteria: they differ both from each
other and from gene 28 immediately upstream and downstream of the cDNA
sequences; they lack introns; they have a poly (A) segment, sometimes degenerate,
at the extreme 3'~end of the gene; and they each have a small, unique direct
repeat of 13-I6 base pairs immediately adjacent to the cDNA sequences. The
latter is believed to occur upon insertion of the pseudogene into the genome.

The fifth gene, 150, has no introns and a unique 5 '-flanking region. However,
owing to the absence of sequence information from the 3'~end, we cannot conclude
that it, also, is a processed pseudogene. Gene 26 is the least conserved of

these processed pseudogenes; it has an upstream initiation codon, deletions
which cause frameshifts in the open reading frame (orf), and two copies of an

Alu repetitive element inserted downstream of the orf. If expressed, it would
code for a protein with minimum resemblance to prothymosin a. Gene 32, with
gene 150 in second place, is the most conserved. Their orfs have, respectively,
97 and 95^ sequence homology at the amino acid level compared to human
prothymosin a, and they have consensus TATA boxes. Gene 34 and its allele, 35,
and gene 112 encode aberrant proteins; gene 112 has 9 additional amino acids at

the carboxyl terminus owing to loss of a stop codon, and genes 34 and 35, which
display restriction fragment length polymorphism, diverge from the amino acid
sequence of prothymosin a following the alanine residue at position 86. We do
not know whether any of the pseudogenes is expressed. However, if mRNAs for
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genes 32, 3^, 112, and 150 exist, they would be almost indistinguishable from
that of gene 28 using size or hybridization behavior for characterization.

The structural analysis of the gene, pseudogenes and cDNAs does not support
a role for prothymosin a outside the cell.

Functional studies of prothymosin a were also carried out. It is well
known that mRNAs encoding proteins destined for export from the cell or for
incorporation into the plasma membrane are translated on membrane-bound
polysomes. Other mRNAs are translated on free polysomes. Therefore, we
ascertained the location of prothymosin a mRNA in myeloma cells and found it

exclusively in the free polysome pool. These data suggest that prothymosin a is
not exported and that a cryptic signal peptide is highly unlikely. Our
conclusions were supported by experiments with transfected cells. Despite the
production of copious amounts of prothymosin a, mammalian cells transiently
transfected with the prothymosin a. gene did not secrete the encoded protein. In
this context, it may be significant that the protein contains a consensus
nuclear translocation signal.

As a result of these studies we favor an intracellular function for
prothymosin a that is essential for normal cell growth. Evidence for this point
of view has recently been obtained from experiments with prothymosin a-deficient
cells. Under these conditions, abnormalities in cell division were observed.

Ribonuclease H

Objectives :

The mechanism of the ribonuclease H (RNase H) activity of reverse
transcriptase has been investigated with the aim of finding specific inhibitors.
According to the literature, the RNase H activity of reverse transcriptases from
several sources was believed to be exonucleolytic whereas normal, cellular RNase
H activities were shown to be endonucleolytic. These observations were based on
the failure of the viral enzymes to cleave three substrates for the normal
enzyme from Escherichia coli. The first of these was linear poly(A) :poly(dT) in
which the 5 '-end of the RNA moiety .was coupled to cellulose and the 3 '-end was
modified by the addition of a poly(C) tail. With both ends blocked in this
manner, the viral enzyme from avian myeloblastosis virus was unable to cleave
the RNA strand. However, when either end was not blocked, cleavage of the
hybrid was successful. The requirement of the viral enzyme for a terminus,
either 5' or 3', was confirmed by experiments with two circular substrates:
poly(A) hybridized to poly(dT); and supercoiled plasmid DNA with ribonucleotide
substitutions. Whereas E. coli RNase H digested the hybridized, circular RNA
and relaxed supercoiled molecules, no viral enzyme affected either molecule. We
thought that these differences could be exploited in designing inhibitors.

Major Findings;

Based on experiments performed in this laboratory, a novel view of the
enzyme has emerged. In order to approach the problem of mechanism differently,
we used a new substrate, globin mRNA labeled at the 3 '-terminus with one residue
of [32p]adenosine. This substrate, in the presence of oligo(dT), allowed
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measurements of the deadenylation of globin, a much more sensitive assay than
those used previously. Blocked substrates were also constructed using labeled
globin mRNA as the starting material. Since globin mRNA is protected at the
5 '-end by the naturally occurring cap structure, our attention was focused on

the 3 '-end. Fully blocked RNA was prepared by one of the following methods:
ligation of pCp; ligation of an oligo(dT) tail; and polymerization of a long
covalently attached complementary DNA tail onto the 3'~hydroxyl group of RNA.

In each case, regardless of the 3'~end modification employed, globin mRNA was
deadenylated at the same rate as the unmodified, labeled control in the presence
of oligothymidylate. The data suggested that reverse transcriptase exhibited
extremely broad specificity with respect to termini or that the RNase H activity
of reverse transcriptase was an endonuclease.

To prove that the viral enzymes were indeed endonucleases, we synthesized
three large, flexible, circular substrates. Two of them had an extended
heteroduplex region in order to insure that at least a segment of the DNA: RNA
hybrid would be able to assume the conformation of linear hybrids in solution.
This was not the case with the circular substrates used in earlier studies. The
newly synthesized circles were subsequently purified, characterized, and tested
with three different RNase H enzymes. The most technically demanding is called
"ligated hybrid". It consists of a relaxed, covalently closed circular DNA in^

which 770 consecutive bases are ribonucleotides. Ligated hybrids were separated
from "unligated hybrids", the identical molecule with nicks at either end of the
RNA moiety, by treatment with endonuclease free DNA polymerase 1 . Molecules
that contained nicks or gaps were completely digested by the exonuclease
activities of this enzyme. The ligated hybrids were evaluated with exonuclease
III, mung bean nuclease, DNase and RNase. Taken together, the data showed that
the ligated hybrid was a perfectly base paired circular molecule without defects.
When both the ligated and unligated hybrids were tested as substrates with E.

coli RNase H, the RNase H activity of AMV reverse transcriptase and a

recombinant reverse transcriptase from HIV, all three enzymes could degrade both
substrates, essentially at the same rate. Our interpretation was that all the
enzymes are endonucleases and that that conformation, rather than lack of
termini, caused other substrates to fail when tested with viral enzymes.

Using a third circular substrate, "bandaid", which consists of a large
circular DNA molecule hybridized to a 770-base pair synthetic RNA, we have shown
that ribonucleoside-vanadyl complexes inhibit the viral RNase H activities but
not the normal enzyme from E. coli . This observation may prove to be important
in the design of drugs for the treatment of AIDS.

Publications :

Eschenfeldt WH, Manrow RE, Krug MS, Berger SL. Isolation and partial sequencing
of the human prothymosin a gene family: evidence against export of the gene
products. J Biol Chem 1989;254:7546-55.

Krug MS, Berger SL. Ribonuclease H activities associated with viral reverse
transcriptases are endonucleases. Proc Natl Acad Sci USA 1989;86:3539-43.
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SUMMARY STATEMENT

ANNUAL REPORT
LABORATORY OF CELLULAR ONCOLOGY
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The Laboratory of Cellular Oncology plans and conducts fundamental research on the cellular and
molecular basis of neoplasia. Investigators develop and employ tissue cultiu-e cell systems and
animal models to study the induction and maintenance of benign and malignant neoplasia and
reversal of the neoplastic state. They also elucidate structure-function correlations through detailed

examination of individual genes which have been implicated in neoplasia. Spontaneous tumors from
humans and other species are examined for the presence of exogenous genes or altered cellular

genes. The main research results for the past year are as follows:

Tumor gene expression in vitro and in vivo

Oncogene studies have involved ras encoded proteins and the EGF receptor. A major
problem of ras biology is to determine how the protein is stimulated to become biologically active

and to identify the target(s) with which ras proteins interact. In collaboration with B. Willumsen,
we have identified an effector region that apparently interacts with the putative ras target. In

collaboration with P. McCormick and B. Willumsen, we found that a cytoplasmic protein called

GAP (for GTPase activating protein) interacts with the ras effector domain. This result raises the

possibility that GAP may be a ras target, although the ability ofGAP to inactivate normal ras

encoded protein suggests that GAP may be only a negative regulator of ras. To distinguish between
these two possibilities, we have constructed a series of mutants (in collaboration with J. Stone)

within the effector domain to determine ifGAP stimulation and transformation activity are

coordinately affected. Mutants with wild type transforming activity, reduced transforming activity,

and defective in transformation have been identified. While the GAP activity of some mutants was
similarly reduced, a lack of correlation between the two activities has been noted for several mutants.

These results suggest GAP may function principally as a negative regulator of ras and may not be
the ras target.

In EGF receptor studies, we have previously demonstrated that when hEGFR encoding the

normal human EGF receptor was overexpressed in established mouse NTH 3T3 cells, they

developed a fully transformed phenotype that required ligand. Using this sensitive bioassay, we
have now found that the C-terminus of the human EGF receptor facilitates proliferation of NTH 3T3
cells. Mutants which encode receptors lacking the last one or two C-terminal tyrosines of the

receptor resulted in mutant receptors whose biological activity was lower than that of the full length

receptor. These results are the opposite of those obtained previously for two other tyrosine kinases

(the CSF- 1 receptor [c-fins] and c-src), where removal of their C-terminal tyrosine increases their

biological activity. We conclude the C-terminus of tyrosine kinases are functionally heterogeneous.

Analvsis of Papillomaviruses

The strong association between certain papillomavirus (PV) types and specific human
cancers, in particular cervical cancer, has led us to investigate the biological activities of
papillomavirus genes and the biochemical activities of their encoded proteins. Bovine (B)PV has

served as a model for studying papillomaviruses because the viral genome readily transforms and
replicates autonomously in rodent cell lines. E5 is one of the two major transforming genes of BPV.
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E5 encodes a 44 amino acid protein that is associated with the external surface of cytoplasmic

membranes. Given its small size and location, it seemed unlikely that E5 would have intrinsic

enzymatic activity, and we have therefore investigated the possibility that it induces transformation

by activating other proteins involved in cell proliferation and transformation. We have determined

that E5 can potentiate the transforming activity of two growth factor receptors, the c-erbB and c-.^
proto-oncogenes but not two other tyrosine kinases, c-src or c-fes. Potentiation can occur in either

the presence or absence of exogenous ligand. In E5 containing cells, the EGF receptor is partially

activated in the absence of exogenous ligand, and die the half life of both ligand stimulated and

unstimulated receptor is increased. From these results, we propose that E5 induces transformation

by inhibiting the down regulation of activated growth factor receptors.

Since the HPV16 E6 and E7 genes are selectively retained and expressed in HPV16 and HPV 18

associated cervical carcinomas, we have undertaken an in vitro analysis of their function and

products. Biochemically, we found both E6 and E7 of HPV 18 and of BPV can bind zinc,

presumably through conserved cys-x-x-cys motifs. In BPV E6, we have found that these motifs are

essential for biological activity and for normal sub-cellular localization of the protein to the nuclear

matrix. For HPV 16, E7, but not E6, was found to transform NIH3T3 cells. E7 could also extend

the lifespan of normal human foreskin keratinocytes, but E6 was required in addition for

immortdization of the cultured keratinocytes. The results with human keratinocytes provide strong

support for the hypothesis that the preferential maintenance and expression of E6 and E7 in human
cervical carcinomas has pathogenic significance.

In clinical studies, the smoke plume from bovine and human warts treated by laser or

electrocoagulation was found to contain potentially infectious virus. An ordinary surgical mask was

found to block this material, suggesting this simple means may eliminate the potential biohazard for

operators.

Biology of fps/fes oncogenes

This project aims to elucidate the biological functions(s) of the human c-fpslfes proto-

oncogene and to understand the molecular basis of its oncogenic potential. Using efficient retroviral

vectors, we have shown for the first time that when normal human c-fpslfes is expressed at

sufficiently high levels, it can cause tumorigenic transformation of mouse cells. In addition to level

of expression, the transforming activity of c-fpslfes can be modulated at a second level, by

incubation of cells overexpressing the c-fpslfes product NCP92 with low concentration fo a

phosphatase inhibitor (sodium vanadate). This treatment potentiated the transforming activity of c-

fpslfes by two orders of magnimde in a reversible, dose-dependent manner. The potentiating effect

of vanadate was found to be relatively specific for c-fpslfes. Biochmical analysis of c-fpslfes

transformed cells indicated that the potentiating effect of vanadate was not secondary to an increase

in the specific activity of NCP92 kinase. The data were consistent with the hypothesis that the

increase had resulted from the stabilization of phosphotyrosine in putative critical targets of NCP92.

Retrovirus replication and cellular oncogene expression

The polymerase chain reaction (PCR) has been applied to 6 DNA samples from seropositive

Taiwanese subjects to detect HIV- 1 proviral sequences. The results suggest that these 6 samples

contain various numbers of HIV- 1 proviral copies which exhibit heterogeneity in their env

sequences and are divergent from those of prototype HTV-l. Sequence analysis of two DNA
clones, obtained by PCR-amplification ofDNA from an asymptomatic homosexual, revealed the

presence of an HIV-1 env-related sequence of 81 nucleotides containing 3 substitutions that were

flanked by about 400 bp nucleotides of unknown origin. This interesting finding suggests that the
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provirus may be defective and integrated in cellular sequence, possibly adjacent to human an

endogenous retroviral sequence. The biological and clinical significance of this phenomenon needs

further investigation.

Screening of a cDNA library for a possible oncogene associated with the spontaneous

reticulum cell neoplasm (RCN) of SJL/J mice resulted in several cDNA clones which hybridized

with the RNAs ofRCN more intensely than with those of normal lymphoid tissues. These cDNA
clones were sequenced, and a homology search revealed highly repetitive LTR sequences which
were derived from endogenous murine retroviruses. The presence of a flanking sequence which is

partially homologous to an E^-2-like lymphokine sequence suggests that overproduction of this

putative lymphokine-like substance by RCN may participate in the pathogenesis of RCN in SJL/J

Genetic mechanism of neoplastic transformation

The thrust of this study is to elucidate the genetic mechanism of neoplastic transformation of

normal tissues. The experimental system focuses on a 3.1 kb moderately cell-transforming human
oncogene, hhcM, isolated from an African hepatocellular carcinoma cell line, Mahlavu.
Determination of the nucleotide sequence of hhcM has now been completed. The hhcM nucleotide

sequence shares no significant homology with other known oncogenes. It predicts an uninterrupted

open reading frame specifying a message for a polypeptide of 467 amino acids, ca 52 kD. This was
supported by the observation of a 52-55 kD polypeptide obtained in hybrid-select cell-free

translation studies. This ORF was used in a chimeric construct with the lacZ promoter sequence,

and production of the 52 kD protein has been confirmed in this construction, which also permits

large scale production of chimeric protein. The chimeric protein is being used to generate antibodies

to be employed in characterization of the protein in cultured cells as well as in clinical samples of

human urine, serum, and liver.

Role of protein kinases in modulating cell growth and malignant transformation

The focus of this project is to better elucidate the possible involvement of transmembrane
signal transmission systems in tiie regulation of cell growth and as possible targets in the process of

tumor initiation and tumor promotion. Studies carried out to better elucidate the regulatory

properties of protein kinase C (PKC) have established that this enzyme is markedly influenced by
oxidative modification. Under mild conditions, treatment of the isolated enzyme or of intact cells

with agents which generate reactive oxygen species leads to direct conversion of PKC to an activated

form which is no longer dependent upon lipids. These results suggest that the interrelationship

between the generation of oxygen free radicals and modulation of PKC may play a significant role in

the mechanism of chemical carcinogenesis and tumor promotion.

Since PKC plays a major role in cell growth regulation and tumor promotion, studies have
been aimed at identifying proteins and activities modified by PKC to in turn transduce a signal to

otiier components of the cell, including the nucleus. One activity found to be modified by initial

activation ofPKC and which may play an important role in the signal transduction cascade is the

serine/threonine protein kinase encoded by the raf proto-oncogene. Collaborative studies with Dr.

U. Rapp suggest that raf protein kinase may be directiy activated by PKC. Further, we have
observed that treatment of growth arrested NTH 3T3 cells with the mitogen PDGF or with phorbol

ester tumor promoter provokes a rapid redistribution and activation of the raf protein kinase to the

perinuclear region. The data suggest that a cascade may be involved in the transmission of

mitogenic signal from the plasma membrane through PKC to activation of the raf kinase at the

nucleus.

175



DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl CB 03663-13 LCO

PERIOD COVERED

October 1, 1988 through September 30, 1989

TITLE OF PROJECT (80 characters or less Title must tit on one tirte tietweert the borders.)

Tumor gene expression in vitro and in vivo

PRINCIPAL INVESTIGATOR CUsf other professional personnel below the Pnnapal Investigator.) (Name, title, latxiratorY. and institute atfilialioni

PI:

OTHER:

D. R. Lx)wy

T. J. Velu
K. Zhang
W. D. Ju

A. G. Papageorge
W. C. Vass

Chief, Lab CeUular Oncology LCO NCI

Visiting Associate LCO NCI
Visiting Fellow LCO NCI
Biotechnology Fellow LCO NCI
Microbiologist LCO NCI
Biologist LCO NCI

COOPERATING UNITS (it any)

See next page.

LAB/BRANCH

Laboratory of CeUular Oncology

INSTITUTE AND LOCATION

National Cancer Institute, Bethesda, MP 20892
TOTAL MAN-YEARS:

5.1

PROFESSIONAL;

3.6

OTHER:

1.5

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects

D (a1) Minors

n (a2) Interviews

D (b) Human tissues (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

Oncogene studies have involved ras encoded proteins and the EGF receptor. A series of in

vitro and in vivo analyses of variants of Harvey murine sarcoma virus (Ha-MuSV), whose viral

oncogene is a ras gene activated by two missense mutations, was carried out. We found the biological

activity of Ha-MuSV was influenced significantly by an enhancer sequence located outside the LTR as

well as by coding sequences, the biological level of ras affected the tumor target tissue of Ha-MuSV,
and the in vivo pathogenicity of the Ha-MuSV variants correlated with their transforming activity on
NIH 3T3 cells.

The GAP protein (GTPase activating protein), which can accelerate the intrinsic GTPase activity

of normal ras (thus inactivating the protein), but not of highly transforming mutated versions of ras

(thus permitting them to remain active), has been found to interact with the ras effector domain. This

result raises the possibility that GAP may be a ras target, although the ability GAP to inactivate normal

r(2S suggests GAP may function principally as a negative regulator of ras. To distinguish between these

two possibilities, a series of mutants within the effector domain have been analyzed to determine if

GAP stimulation and transformation activity are coordinately affected. A lack of correlation between
the two activities has been noted for several mutants, which suggests GAP may function principally as

a negative regulator of ras and may not be the ras target

In EGF receptor studies, we have found that the C-terminus of the human EGF receptor

facilitates proliferation of NIH 3T3 cells. Mutants which encode receptors lacking the last one or two
C-terminal tyrosines of the receptor resulted in mutant receptors whose biological activity was lower

than that of the full length receptor. These results are the opposite of those reported previously for two
other tyrosine kinases (the CSF-1 receptor [c-fins] and c-src). They therefore indicate functional

heterogeneity for the C-terminus of tyrosine kinases.
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Major Findings :

1. ras oncogenes . We have used Harvey murine sarcoma virus (Ha-MuSV), whose encoded

transforming ras protein p21 differs from its normal cellular proto-oncogene at only 2 amino acids.

We have studied the contribution of coding and noncoding viral sequences to the biological activity

of Ha-MuSV, using focal transformation of mouse NIH 3T3 cells in vitro and tumorigenicity of

injected virus in vivo. A Ha-MuSV variant that encoded the proto-oncogene protein induced

lymphoid leukemias (with thymomas), with a relatively long latent period, rather than the

fibrosarcomas and erythroleiikemias characteristic of Ha-MuSV with one or both missense

mutations. An enhancer activity was identified in a (VL-30 derived) viral segment located outside

the ras gene and outside the viral LTR. A variant Ha-MuSV from which this enhancer containing

non-coding segment was deleted expressed lower levels of the wild-type viral protein, displayed

impaired transforming activity in vitro, and induced lymphoid leukemias in vivo (with thymomas).

It was concluded: 1) the biological activity of Ha-MuSV can be influenced significantiy by

noncoding sequences located outside the LTR as well as by coding sequences. 2) some sequences

outside ras and the LTR positively regulate the expression of the viral ras, 3) relatively low

biological levels of ras, whether resulting from low-level expression of wild type viral ras or high-

levels of ras proto-oncogene protein, induce a type of tumor that differs from tumors induced by

high biological levels of ras, and 4) the in vivo pathogenicity of the Ha-MuSV variants correlated

with their transforming activity on NIH 3T3 cells. In collaboration with E. Gelmann, the selective

advantage of both missense mutations over either one alone was shown by finding that only wild

type viral ras (with botii mutations) was able to bypass the dependence of MCF-7 human breast

cancer cells upon estrogen for tumor formation.

A major problem of ras biology is to determine how the protein is stimulated to become

biologically active and to identify the target(s) with which ras proteins interact. In collaboration with

B. Willumsen, we have identified an effector region (amino acids 31-42) that apparentiy interacts

with the putative ras target This region is identical in proto-oncogene encoded ras proteins and in

highly oncogenic versions of ras, which suggests that all ras proteins interact with the same target.

In collaboration with F. McCormick and B. Willumsen, we found that a cytoplasmic protein called

GAP (for GTPase activating protein), which can accelerate the intrinsic GTPase activity of normal

ras (thus inactivating the protein), but not of highly transforming mutated versions of ras (thus

permitting them to remain active), interacts with the ras effector domain. This result raises the

possibility that GAP may be a ras target, although the ability GAP to inactivate normal ras encoded

protein suggests, rather, that GAP may function principally as a negative regulator of ras. To
distinguish between these two possibilities, we have constructed a series of mutants (in collaboration

with J. Stone) within the effector domain to determine if GAP stimulation and transformation

activity are coordinately affected. Mutants with wild type transforming activity, reduced

transforming activity, and defective in transformation have been identified. While the GAP activity

of some mutants was similarly reduced, a lack of correlation between the two activities has been
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noted for several mutants. These results suggest GAP may function principally as a negative

regulator of ras and may not be the ras target.

2. EGF receptors . A potential role for the normal EOF receptor in tumor formation has been
proposed by others from the observation that increased numbers of apparentiy normal EGF
receptors may be present in various human tumors and tumor cell lines. Consistent with this

hypothesis, we have previously demonstrated that when hEGFR encoding the normal human EGF
receptor was overexpressed in established mouse NIH 3T3 cells, they developed a fully transformed
phenotype that required ligand. In NIH 3T3 cells expressing the human receptors, we have now
found (in collaboration with L. Beguinot) that ligand stimulation rapidly (15 seconds) induces
polyphosphoinositide hydrolysis and an increase in cytosolic calcium, secondary to release of
intracellular calcium stores, followed by an increase in intracellular pH. Overexpression of the

receptors has also been used to develop a highly sensitive bioassay that is specific for EGF receptor

ligands. In this system, the cells can be grown in serum free medium with EGF as the only growth
factor. In collaboration with J. Poussegur, overexpression of human EGF receptors in a hamster
cell line (CQ..39) confeired an EGF dependent mitogenic response, increased phosphoinositol
turnover, and stimulated sodium/hydrogen ion exchange. Although the CCL39 cells can be
transformed to tumorigenicity by an activated ras gene, EGF treatment of the hamster cells that

overexpressed the human EGF receptors did not induce morphological transformation, despite

expressing even higher numbers of receptors than NIH 3T3 cells which can be transformed by
EGF.

In collaboration with L. Beguinot, we have also studied the consequences of shortening the

C-terminus of the human EGF receptor by introducing premature terminations near the 3' end of the

coding sequence. These deletions were carried out to determine if die C-terminus of the EGF
receptor functioned in a manner similar to that of the the CSF-1 receptor (c-fins) and c-src, two
tyrosine kinases in which removal of the C-terminal tyrosine and the downstream amino acids

increases the biological activity of the proteins. Furthermore, the v-erbB proteins of of the avian
erythroblastosis virus (AEV) lack the last one or two tyrosine residues, depending upon the strain of
AEV, as well as being truncated in their N-terminus. In contrast to results obtained with c-fms and
c-src, we found tiiat the C-terminus of the human EGF receptor facilitates cell proliferation. Mutants
which encode receptors lacking the last one or two C-terminal tyrosines, created by introducing

premature terminations that delete the last 19 or 63 amino acids of the receptor, respectively, resulted

in proteins whose biological activity was lower than that of the full length receptor. These results

indicate an important functional heterogeneity for the C-terminus of tyrosine kinases.

Publications :
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The BPV ORFs E5 and E6 encode proteins that independentiy transform rodent cells and ORF
El and E2 encode proteins that indirectly effect the transforming activity of the virus. BPV E5 was
shown to potentiate the transforming activity of transfected growth factor receptors in a ligand

independent manner. Analysis of the receptor processing suggests that E5 transforms cells by retarding

the down regulation of activated receptors. Mutational analysis of BPV E6 indicated that the conserved
cys-x-x-cys motifs of the protein and its association with the nuclear matrix are require for its

transforming activity.

We have identified a series of mutants in the El ORF that have higher transforming activity and
transcription rates than the wild type viral genome suggesting that an El gene product suppresses

expression of the E6 and/or E5 transforming genes. The three previously identified BPV E2 proteins

have been assigned to specific viral transcripts and functionally analyzed with respect to transcriptional

trans-activiation, trans-repression, sequence specific DNA binding and dimer formation. BPV E2, and
also E5, was shown to cooperate with BPV E6 in the immortalization of rat embryo fibroblasts.

Consistant with these results indicating a direct effect of E2 on cell physiology, the induction of specific

cellular proteins by E2 was demonstrated by 2-D gel analysis.

Since the HPV16 E6 and E7 genes are selectively retained and expressed in HPV16 associated

cervical carcinomas, we have undertaken an in vitro analysis of their products. E7, but not E6,
transformed NIH3T3 cells. E7 could also extend the Hfespan of normal human foreskin keratinocytes,

but E6, in addition, was required for immortalization of the cultured keratinocytes. Both E6 and E7
were shown to bind zinc, presumably through conserved cys-x-x-cys motifs. In clinical studies, the

smoke plume from bovine and human warts treated by laser or electrocoagulation was found to contain
potentially infectious virus; an ordinary surgical mask was found to block this material.
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Major Findings :

1

.

BPV E6 gene . The strong association of certain papillomavirus types with certain human
cancers, in particular cervical cancer, has led us to investigate the biological activities of

papillomavirus genes and the biochemical activities of their encoded proteins. BPV has served as a

model for studying this group of viruses because the viral genome readily transforms and replicates

autonomously in rodent cell lines. In previous studies we have determined that two BPV genes, E5
and E6, can independently induce morphologic transformation. We are currently investigating the

mechanisms through which the E5 and E6 protein induce cellular transformation. A mutational

analysis of the E6 gene (in collaboration with Karen Vousden and Elliot Androphy) has revealed that

the four conserved cys-x-x-cys motifs, as well as several other amino acids, are critical for the

transforming activity of the protein. Preliminary subcellular localization of the mutant proteins has

suggested that association with the nuclear matrix may be required for transformation.

2. BPV E5 . BPV E5 encodes a small 44 amino acid protein that is associated with the external

surface of cytoplasmic membranes. Given its small size and location, it seemed unlikely that E5
would have intrinsic enzymatic activity, and we have therefore investigated the possibility that it

induces transformation by activating other proteins involved in cell proliferation and transformation.

We have determined that E5 can potentiate the transforming activity of two growth factor receptors,

the c-erbB and c-fins proto-oncogenes but not two other tyrosine kinases, c-src or c-fes.

Potentiation can occur in either the presence or absence of exogenous ligand. In E5 containing cells,

the EGF receptor is partially activated in the absence of exogenous ligand, and the the half life of

both ligand stimulated and unstimulated receptor is increased. From these results, we propose that

E5 induces transformation by inhibiting the down regulation of activated growth factor receptors.

3. BPV E2. The BPV E2 ORF is an important regulator of viral gene expression, via the abiUty of

its products to trans-activate and trans-repress; both functions have been genetically mapped to the

E2 ORF. We have previously determined the E2 ORF encodes three distinct proteins that bind

specific conserved sequences in the viral genome. In collaboration with Paul Lambert and Peter

Howley, we have mapped each protein species to a specific transcript and so have determined that

the 31 kd and 28 kd proteins, containing only C terminal E2 peptides, are trans-repressors and the

full-length 48 kd protein is a trans-activator. We have also completed a structure-function analysis

of the E2 proteins, in collaboration with Lubomir Turek. Trans-repression activity was mapped to

the same domain as sequence specific DNA binding activity, suggesting that the E2 repressors may
function by competitively inhibiting the binding of the E2 trans-activator to its recognition sequence,

which we have previously shown to constitute an E2 dependent enhancer. This C-terminal domain,

common to all three proteins, was also shown to mediate E2 dimer formation, raising the possibility

that the E2 repressors may also inactivate the E2 trans-activator through the formation of
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heterodimers. Sequence specific E2 trans-activation required that the N-terminal domain of the ORF
be linked to the DNA binding domain by a peptide that could be varied in length and sequence. By
itself, the N-terminal domain acted as a general trans-activator in that it activated, to a limited extent,

all promoters tested, even though this domain had no detectable DNA binding activity. These results

suggest that the mechanism of E2 trans-activation involves protein-protein interactions between a

common transcriptional factor and the N-terminal domain of E2.

4. BPV El . The El ORF of BPV encodes two trans-acting functions that are involved in the

extrachromaosomal replication of the viral genome. In collaboration with Herbert Pfister, we have

determined that mutants mapping in both El functional domains have higher transforming activity

than the wild type genome. These El mutant genomes were, as expected, integrated into the cellular

DNA. Unexpectedly, their transcription rate in transformed cells was on average ten fold greater

that the rate of transcription of the wild type genome. These results suggest either that integration of

the BPV genome makes it unresponsive to a cellular repressor of viral transcription or that a full-

length El gene product is a repressor of BPV transcription.

5. ImmortaHzation by BPV . Since previous analyses of the biological activity of BPV had been

conducted with permanent rodent cell lines, we decided to examine, in collaboration with Francois

Cuzin, the immortalizing activity of the virus in primary rat embryo fibroblasts (REF). BPV was,

by itself, able to induce immortalization of REFs. Genetic analysis of this activity revealed that the

virus encodes two distinct classes of genes that cooperate in inducing immortality. When
cotransfected with the neomycin resistant gene, E2 and E5 could independentiy induce resistant

colonies but the colonies rapidly senesced. E6 alone could not induce colony formation, but when
cotransfected with E2 or E5, it was able to induce immortalization of the resistant colonies. This

was the first indication that E2 may have a direct effect on cell physiology. Consistent with this

result, we have collaborated with Donald Young to demonstrate, using giant 2D gels, that E2
induces the expression of specific cellular proteins.

6. HPV studies . The HPV types commonly associated with cervical cancer, such as HPV16, have
been shown by others to immortalize normal human keratinocytes, while those primarily associated

with benign cervical lesions did not. It was therefore of interest to determine the specific HPV16
gene(s) that induce immortaUzation, since the activity of these genes could, in part, be responsible

for the increased pathogenicity ofHPV 16. Our results demonstrated that E6 and E7 cooperate in the

immortalization of normal neonatal foreskin keratinocytes. When transfected alone, E7 could induce

transient proliferation but these cells eventually senesced. In contrast, E6 alone exhibited no activity,

but when cotransfected with E7, the two genes induced cell lines that expressed both proteins and
had indefinite growth potential. Changes in cellular gene expression are probably required for

immortalization, since all of the keratinocyte lines examined were aneuploid. These results provide

strong support for the hypothesis that the preferential maintenance and expression of E6 and E7 in

human cervical carcinomas has pathogenic significance. In immortaUzed mouse NTH 3T3 cells,

HPV 16 DNA was found to induce anchorage independent growth. Mutational analysis, in

collaboration with Dr. J. DiPaolo, indicated that E7 was the gene primarily responsible for this

activity.

Given the biological activity of the E6 and E7, we thought it important to begin a biochemical

characterization of the encoded proteins. We have determined that the E6 and E7 ofHPV 18 and
BPV are zinc binding proteins. Since binding was observed only under reducing conditions, it is

likely that binding is mediated by the cys-x-x-cys motifs that are conserved in both proteins. Similar

motifs are characteristic of a class of sequence specific DNA binding proteins, and we have found
that E6 and E7 have some avidity for DNA. However, unlike E2, they did not show sequence
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specific binding to their respective genomes. In the absence of specificity, the biological

significance of this binding activity remains uncertain.

7. Clinical studies . Following a report that papillomavirus DNA can be found in the smoke plume

of warts treated by laser, we have, in collaboration with Paul Weber and Leonard Dzubow, studied

a group of human and bovine warts to define further this potential risk of wart therapy for the

operator. 5/8 vapors from human plantar warts treated by laser and 4/7 treated by electrocoagulation

were positive for HPV DNA. Bioassay readily detected infectious BPV in vapor from bovine warts

treated with either modality. More virus and viral DNA was usually found in laser-derived material.

A surgical mask was capable of removing virtually aU laser- or electrocoagulation-derived virus,

strongly suggesting that such masks can protect operators from potential inhalation exposure to

papillomavirus, and probably to other infectious agents.
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This project aims to elucidate the biological function(s) of the. human

c-fps/fes proto-oncogene and to understand the molecular basis of its oncogenic

potential. Using efficient retroviral vectors, we showed for the first time that

when normal human c-fps/fes is expressed at sufficiently high levels, it can cause

tumorigenic transformation in mouse cells. In addition to level of expression,

the transforming activity of c-fps/fes can be modulated at a second level, by

incubation of cells overexpressing the c-fps/fes product NCP92 with low

concentrations of a phosphatase inhibitor (sodium vanadate) . This treatment

potentiated the transforming activity of c- fps/fes by two orders of magnitude in a

reversible, dose-dependent, and specific manner. Biochemical analysis indicated
that the potentiating effect of vanadate was not secondary to an increase in the

specific activity of NCP92 kinase but that it resulted from the stabilization of

phosphotyrosine in the critical targets of NCP92. Further analysis indicated that

NCP92 has a single tyrosine phosphorylation site, and that the phosphorylation of

this site correlates with a potentiation of biological activity and an increase in

the specific activity of NCP92 kinase. The potentiating effect of vanadate was

found to be specific for the c-fps/fes pathway of transformation, providing
functional evidence for the existence of distinct pathways of transformation for

different tyrosine kinases.
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Major Findings :

The gene product of human c-fps/fes is a 92 Kda cellular tyrosine kinase
(NCP92) that is specifically expressed in myeloid cells. The pattern of

expression of NCP92 in certain leukemic cell lines suggests that this protein
may be involved in the cellular response to factors that promote growth and/or
differentiation in myeloid cells [Feldman et al. , Proc. Natl. Acad. Sci. USA
82: 2379-2383 (1985)]. To further our understanding of the biology of

c-fps/fes , we have cloned a cDNA copy of this gene and have begun the
characterization of its biological and biochemical properties.

We have previously shown that the expression of c-fps/fes at 5-10 times
higher levels than endogenous levels in myeloid cells does not lead to cell
transformation in NIH 3T3 transfectants. However, modification of the
N-terminus of NCP92 by fusion with viral gag sequences, activated its oncogenic
potential [Feldman et al. , Oncogene Res.

J.:
441-458 (1987)]. Although

spontaneous chromosomal rearrangements involving the c-fps/fes locus have not
yet been reported, this observation suggests that human c-fps/fes might also
susceptible to oncogenic activation by chromosomal alterations that modify the
N-terminus of NCP92.

We have recently developed a highly efficient retroviral vector containing
a F-MuLV long terminal repeat (LTR) . By clonig the c-fps/fes gene into this
new vector, we were able to show that when c-fps/fes is expressed at

sufficiently high levels, this gene can induce tumorigenic transformation in
mouse cells. NIH 3T3 cells transfected or infected with this construction
expressed up to 200 times higher levels of c-fps/fes than endogenous levels in
myeloid cells, and they formed foci of transformed cells. By contrast, an
Isogenic construction containing the parental Mo-MuLV LTR induced 3-10 times
lower levels of c-fps/fes expression and its transforming activity was two
orders of magnitude lower compared to the F-MuLV recombinant. This indicated
that the transforming activity of c-fps/fes was a function of the level of
expression NCP92 kinase. This level of expression correlated with the level of
phosphotyrosine in cellular proteins of c-fps/fes-expressing cells. The
transforming activity of c-fps/fes was significantly lower than that of its
gag-activated counterparts. This may reflect differences in enzymatic activity
because the N-terminal modified forms of c-fps/fes exhibit a 4-fold increase in
kinase specific activity, and they induce higher levels of phosphotyrosine in
cellular proteins in vivo.

In addition to level of expression, the transforming activity of c-fps/fes
could be modulated by incubating cells that overexpress NCP92 with low
concentrations of sodium vanadate. Vanadate is a known inhibitor of tyrosine
phosphatases, and therefore, this treatment might be expected to prevent the
dephosphorylation of NCP92 and its targets in vivo. At 4 uM, vanadate
potentiated the transforming activity of c-fps/fes by two orders of magnitude.
To determine the mechanism of potentiation by vanadate, we carried out a

biochemical analysis of the system. We first determined that vanadate did not
act by increasing the levels of expression of NCP92, but that this inhibitor
increased the level of P incorporation into NCP92. Phosphoamino acid
analysis showed that this increase took place exclusively on tyrosine residues.
The in vivo levels of phosphoserine and phosphothreonine in NCP92 were not
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affected by vanadate treatment. This indicated that in our in vivo system

vanadate functioned as an inhibitor of tyrosine phosphatases. Phosphopeptide

analysis showed that the increase in tyrosine phosphorylation took place at the

NCP92 autophosphorylation site, tyrosine 713. This was the only site of

tyrosine phosphorylation in the molecule, and the vanadate-induced

phosphorylation of this site correlated with a potentiation of biological

activity and an increase in the specific activity of NCP92 kinase. These data

suggest that tyrosine 713 may act as a positive regulatory site, and there are

no sites in the NCP92 molecule whose phosphorylation inhibits NCP92 kinase

activity. This is consistent with DNA sequence data which shows that no

negative regulation site equivalent to tyrosine 527 in p60 exists in

NCP92. To explain the potentiating effect of vanadate we considered two

posibilities: the first was that this effect was secondary to an increase in

the specific activity of NCP92, and the second was that potentiation was the

result of the stabilization of phosphotyrosine in the critical targets of

NCP92. Quantitative analysis showed that the vanadate-induced phosphorylation

of tyrosine 713 had a positive effect on NCP92 kinase, but at 4 uM vanadate,

the increase in specific activity was only marginal (less than 20 %) . On the

other hand, the same treatment caused a 300 % increase in the level of

phosphotyrosine in cellular proteins, measured by western blot analysis using

anti-phosphotyrosine antibodies. This suggested that the potentiating effect

of vanadate was not simply the result of a direct effect on the enzymatic

activity of NCP92, but it was mostly due to the stabilization of phosphate in

the critical targets of NCP92. Vanadate was able to discriminate between

different fps/fes genes according to their relative transforming activity: its

potentiating effect was maximum with c-fps/fes , it was nil with the highly

transforming gag-v-fps/fes gene, and it was intermediate with the partially

activated gag-c-fps/fes gene. The most likely explanation for this is that

while the fully transforming v-fps/fes protein already phosphorylates its

critical targets to an extent that is sufficient to transform most of the cells

that are infected, the phosphorylating activity of NCP92 may not be sufficient

to push all the cells that are infected to transformation. This illustrates

the utility of a conditional system of transformation by c-fps/fes , where

transforming activity can be modulated in response to different agents.

The most unexpected result we found was that even though vanadate is a

general inhibitor of tyrosine phosphatases, its potentiating effect appeared

specific for the c-fps/fes pathway of transformation. By contrast with

c-fps/fes , vanadate was slightly inhibitory of the transforming activity of

c-src. In case of c-src , a mutant that is structurally analogous to

NCP92 in that its negative tyrosine regulatory site has been lost, the was no

potentiation, but only a slight increase in transforming activity of less than

two-fold. In case of EGF receptor there was also a slight decrease in

transforming activity. These results indicated that the biological

consequences of stabilizing phosphate in cells that overexpress different

tyrosine kinases was different for each kinase. This differential response to

the stabilization of phosphate represents in vivo evidence that even closely

related tyrosine kinases have different mechanisms of action and may use

different pathways to transform cells.
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The polymerase chain reaction (PCR) has been applied to 6 DNA samples from seropositive

Taiwanese subjects to detect HIV- 1 proviral sequences. The results suggest that these 6 samples

contain various numbers of HTV-l proviral copies which exhibit heterogeneity in their env sequences

and are divergent from those of prototype HTV-l. Sequence analysis of two DNA clones, obtained by

PCR-amplifiication ofDNA from an asymptomatic homosexual, revealed the presence of an HTV-l

env-related sequence of 81 nucleotides containing 3 substitutions that were flanked by about 400 bp

nucleotides of unknown origin. This interesting finding suggests that the provirus may be defective

and integrated in cellular sequence, possibly adjacent to human an endogenous retroviral sequence.

The biological and clinical significance of this phenomenon needs further investigation.

Screening of a cDNA library for a possible oncogene associated with the spontaneous reticulum

cell neoplasm (RCN) of SJL/J mice resulted in several cDNA clones which hybridized with the RNAs
of RCN more intensely than with those of normal lymphoid tissues. These cDNA clones were

sequenced, and a homology search revealed highly repetitive LTR sequences which were derived from

endogenous murine retroviruses. The presence of a flanking sequence which is partially homologous

to an IL-2-like lymphokine sequence suggests that overproduction of this putative lymphokine-like

substance by RCN may participate in the pathogenesis of RCN in SIL/J mice.

_LM.
PHS 6040 (Rev. 1/84) GPO 904-917



ZOl CB 05550-20 LCO

Major Findings :

1

.

Detection bv polymerase chain reaction of HTV-l DNA in homosexuals, hemophiliacs, and ADDS
patients in Taiwan . Although positive HTV- 1 antibody tests such as ELISA and Western blot

constitute evidence for previous infection, they do not provide information concerning the current

presence of provirus or its extent of genomic variation. HTV-infection is usually followed by a latent

period of several years before the appearance of AIDS symptoms, and very few lymphoid cells,

probably 1 in 10,000, actually carry the virus. It is often unfruitful and time-consuming to attempt

virus isolation by typical co-cultivation procedures. The polyinerase chain reaction (PCR), which is

an in vitro method for the primer-directed enzymatic amplification of specific DNA sequences, has

recentiy been applied to detect HTV nucleotide sequences in AIDS-related materials. We collected

DNA samples from seropositive Taiwanese subjects to detect HTV-l proviral sequences by PCR.

Peripheral lymphoid cells from an AIDS patient, an asymptomatic homosexual male, and two

hemophiliacs, as well as formalized spleen tissues from two autopsied AIDS patients, were tested.

Following PCR-amplification of DNA, the presence of proviral sequence was detected by specific

probe analysis of Southern blots. All 6 samples exhibited a positive reaction when primer pairs

from gag region or gp41 domain of env were used. Primer pairs derived from a relatively

conserved region of gpl20 domain of env also functioned to produce amplified fragments for all

samples. However, when primer pairs covering domains spanning gpl20 through gp41were used,

only four samples gave a definite amplified band, and one yielded a faint band. Primer pairs derived

from nefand 3' LTR regions gave negative results. The relative intensity of the hybridization signal

for each sample of PCR-amplified gag region did not correlate exactly with the signal strength of the

various PCR-amplified env regions from each corresponding sample. The results suggest that these

6 samples contain various copy numbers of HTV-l proviral sequences which exhibit heterogeneity in

their env sequences and are divergent from those of the prototype HTV-l clone. The DNA
fragments amplified by PCR using primer pairs TNI (24-mer) and TN2 (25-mer) which cover the

gpl20 region between them, i.e. nucleotides #7010-7660, were cloned into a Bluescript vector, and

sequenc^ from both T3 and T7 ends. It was found that 81 nucleotides adjacent to TN2 were

homologous with the env sequence of most prototype HTV-l clones, except for substitutions in 3

nucleotides, while the rest of sequenced nucleotides (144 nucleotides from T3 end and 217

nucleotides from T7 end) were partially homologous to various regions of prototype HTV- 1 env

sequences. Although the origin of these partially homologous sequences is unknown, it is possible

that cellular sequences including human endogenous retroviral sequences might have been co-

amplified by the PCR procedure, a phenomenon that has been observed by other workers (B. J.

Poiesz, SUNY Health Science Center, NY, personal communication). Further work is necessary to

clarify the origin of these sequences. It is also possible that the integrated HIV- 1 DNA might

represent a defective provirus whose biological and clinical significance might be interesting subject

for further study.

2. Search for oncogene associated with the spontaneous reticulum cell neoplasm (RCN) in SJL/J

mice.

As reported previously, a cDNA library was constructed from the polyadenylated RNA of RCN
tissues. The lambda-ZAP phage library carrying cDNA inserts was screened with various probes,

including v-abl, LTR, and a 9-19 kb HindRl fragment ofRCN DNA previously found to be present

in RCN but not in normal tissues and to hybridize with v-abl and LTR probes. For each of the three

probes, at least 10 different clones that were positve by hydridization were selected for further

study. The cDNA inserts were isolated from these clones and were tested for their differential ability

to hybridize with probes derived from radio-labelled cDNAs reverse-transcribed from

polyadenylated RNAs of either RCN or normal tissues of SJL/J mice. Several inserts were found to

react with the radio-labelled RCN probe more intensely than with the normal tissue probe. When
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these cDNA inserts were sequenced, they were found to have homology to an IL-2-like lymphokine
as well as to endogenous murine retrovirus LTRs. These preliminary findings may suggest that

insertion of an endogenous proviral LTR in the vicinity of lymphokine-like gene may have induced

enhanced production of a putative lymphokine which could contribute to the tumorigenesis of RCN.
Attempts to induce tumors in SJL/J mice by injection of syngeneic, normal splenic lymphoid cells

which had been transfected by electroporation with each of the Bluescript vectors carrying the

selected cDNA inserts have been negative thus far. Further observation is in progress, and
experimentation with constructs equipped with appropriate promotor and selectable marker are being

considered.
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SUMMARY OF WORK (Use standard unreduced type. Oo not exceed the space provided.)

The thrust of this study is to elucidate the genetic mechanism of neoplastic transformation of

normal tissues. The experimental system focuses on a 3.1 kb moderately cell-transforming human
oncogene, hhcM, isolated from an African hepatocellular carcinoma cell line, Mahlavu. Several related

genomic DNA clones have now been isolated from other human hepatomas. Recentiy we have also

isolated four cDNA clones each from human hepatoma and fetal liver DNA libraries. The ceU-

transformation capability of hhcM on both NIH3T3 cells and buffalo rat liver ceils has been studied and
the tumorigenicity of the transformants has also been described.

Determination of the nucleotide sequence of hhcM has now been completed. The hhcM
nucleotide sequence shares no significant homology with other known oncogenes. It predicts an

uninterrupted open reading frame specifying a message for a polypeptide of 467 amino acids, ca 52 kD.
This was supported by the observation of a 52-55 kD polypeptide obtained in hybrid-select cell-free

translation studies. This ORF was used in a chimeric construct with the lacZ promoter sequence, and
production of the 52 kD protein is now scaled up significandy. The chimeric protein is being used to

generate antibodies to be employed in characeiization of the protein in cultured cells as well as in

clinical samples of human urine, serum, and liver. Since earlier deletion analysis suggested that

interruption of the nucleotide sequence within this ORF abolished the cell transformation capability, the

possible direct involvement of this 52 kD protein in ceU transformation is being explored.

192
PHS 6040 (Rev. 1/84) GPO 904-917



ZOICB 04834-13 LCO

Major Findings :

1. The nucleotide sequence of hhcM . We have previously shown that a 3.1 kb human genomic

DNA sequence, hhcM, isolated from an African hepatocellular carcinoma (Mahlavu) cell line and

cloned in a neomycin resistance-SV40 (pNeo) vector (designated pNrpM-1), transformed both

NIH3T3 and Buffalo rat liver (BRL-1) cells at an efficiency of 1000 transformed colonies/ug. Both

BRL-1 and NIH3T3 transformants transmitted the hhcM sequence stably in secondary and tertiary

transfections, showed anchorage independent growth in soft agar and tumorigenicity in Swiss nu/nu

mice. In this on-going project, we have completed the nucleotide sequence of both strands of the

hhcM 3.1 kb DNA. Eleven Ml 3 overlapping subclones carrying inserts of hhc-M DNA fragments

in both directions were constructed. Using Sanger dideoxy sequencing and Maxam-Gilbert

sequencing methods, the nucleotide sequence was determined in both directions. No significant

homology was seen with known oncogenes. However there was a stretch of ca 300 nucleotides that

shared homology with many other genes. These 300 nucleotides however were not part of the

major open reading frame (ORP) described below.

2. Existence of an ORF coding for a 52-55 kD protein and its expression . Nucleotide sequence

analysis of hhcM revealed an uninterrupted ORF of 467 codons with the potential to specify a

protein of about 52-53 kD. This ORF resides at the 5' half of the hhcM sequence. It is preceded by

the appropriate ribosomal RNA recognition nucleotide sequence and a TATAA box. The eucaryotic

RNA polymerase n enhancer sequence (ATGCAAAT) was within 30 nucleotides of the start codon

(ATG). A cell-free translation study was carried out to confirm this prediction. Total poly A rich

RNA i.e. mRNA, was purified from log-phase Mahlavu hepatocellular carcinoma cells, using oligo-

dT cellulose affinity churomatography. The hhcM specific mRNA was selected by hybridization of

the poly A rich RNA with denatured hhcM 3.1 kb DNA, impregnated on a nitrocellulose filter. The
unbound RNA was removed by appropriate washings and the hybridized hhc-M specific mRNA
was released by heating in low salt buffer. The hhcM specific mRNA was then used to

direct cell-free protein systhesis in a rabbit reticulocyte lysate assaywith radiolabeled methionine. A
few protein bands were identified as encoded by the hhcM specific mRNA, with strongest being a

52-55 kD protein.

The existence of this ORF coding for a 52 kD polypeptide was further confirmed by placing

the appropriate sequence in an expression vector. The 52 kD expressing clone was constructed by

removing 18 codons from the 5' terminus of the hhcM sequence via a Hinc EI site and inserting a

lacZ sequence, containing transcriptional and translational signals plus codons for 1 1 amino acids

upstream. Kinetic analysis of the proteins produced by this plasmid carrying the chimeric construct

showed die increasing synthesis of the 52 kD protein with time, and that the production level of

hhcM protein was maintained at a high level for 24 hrs. A negative control construct, in which the

lacZ-hhcM chimeric gene was interrupted by a Kanamycin cassette, failed to produce the 52 kD
protein but synthesized instead the 28 kD aminoglycoside phosphotransferase protein. Cuirentiy we
are developing a large-scale bacterial production of the 52 kD protein to immunize rabbits for

antibody production.

3. Future use of anti-hhcM 52 kD antibodv (anti-p52) . One foreseeable application of this research

is to obtain an antibody against the hhc-M 52 kD protein and use this antibody to study cross-

reactivity with urine samples, blood serum, and liver biopsy samples from normal controls (young

versus old), patients with (1) hepatocellular carcinoma, (2) liver infections (hepatitis viruses. A, B
or delta), (3) liver cirrhosis from other abuses, e.g. alcholism, aflatoxin and other microtoxins etc.

and (4) hepatomegaly. The rationale for this resides on the fact tiiat hhcM was isolated from

Mahlavu hepatocellular carcinoma DNA, which showed 4 copies of intergrated but incomplete HB

V

sequences (Publication 1). Sera and urine samples were/will be obtained from the American Red
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Cross Reference Lab. for Infectious Diseases (Dr. Chyang Fang, Director) or the NCI serum bank.

Biopsy/autopsy materials include materials from Singapore and Hong Kong. They were/will be

provided by Dr. G. Qian, Shanghai Cancer Institute, Dr. Robert C. Ting, Dr. B.-J. Park, Seoul

National University Medical School, Korea, Dr. Chang (Korea), and Dr. B. Baroudy (NIAID),

Gamble Research institute, Cincinatti, Ohio. It is our aim to screen serum or urine protein by
Western blot analysis with a radiolabelled anti-p52 antibody. Results from this screening study will

enable us to assess the validity of anti-p52 for monitoring liver abnormality or viral infection with

sera or urine. Furthermore, in situ hybridization with radio-labeled hcM DNA probe and/or

radioimmunoassay with anti-p52 on frozen sections of biopsy/autopsy samples will be carried out

(Dr. Baroudy) in order to determine the diagnostic value of anti-p52 in hver diseases and
hepatocellular carcinoma.

4. Isolation ofcDNA clones from human liver DNA libraries prepared from other hepatoma and
from fetal liver. Using radio-labeled 3. 1 kb hhcM DNA as a probe, four cDNA clones were isolated

from a uman hepatoma cDNA library and four from a fetal liver cDNA library. Two of the

hepatoma cDNA library clones, 35A bearing a single 1.6 kb insert and 34A bearing a long 1.7 kb
insert and a short 0.3 kb insert, have been sequenced and compared with the hhcM 3. 1 DNA
sequence. Clone35 A shared 70% homology with hhcM but showed some rearrangements

(Manuscript 4). The 1.7 kb cDNA sequence is an especially specific probe, as its it lacks repetative

sequences and therefore has a low background of non-specific cross-reactivity. The expression of

these clones will also be studied.

5. Histopathology of explants from tumors arising in NIH Swiss nu/nu mice challengedwith

pNrpM-1 transfected BRL-1 cells . Earlier observation of secondary tumor cells derived from an

explanted hhcM DNA transformed BRL-1 (#47) tumor had yielded a confusing morphology of cells

with a fusiform appearance resembling fibroblast morphology. By monitoring microscopically

tissue culture of the primary transformed BRL- 1 (#47) tumor over a long period, we found that the

epithelioid tumor cells changed morphologically to fibroblastic characteristic. This was especially

prominent when the tumor cell culture was allowed to grow to high density. The histology of other
primary tumors of hhcM DNA transformed BRL-1 cells was clearly epithelioid and karyotype

analysis confirmed their rat origin.

Publications :

Yang, S.S., Modali, R., Parks, J-B. and Taub, J. Transforming DNA sequences of human
hepatocellular carcinomas, their distribution and relationship with hepatitis B virus sequence in

human hepatomas. Leukemia 1988; 2: 102s- 1 13s .
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The focus of this project is to better elucidate the possible involvement of transmembrane signal

transmission systems in the regtilation of cell growth and as possible targets in the process of tumor

initiation and tumor promotion. Studies carried out to better elucidate the regulatory properties of

protein kinase C (PKC) have established that this enzyme is markedly influenced by oxidative

modification. Under mild conditions, treatment of the isolated enzyme or of intact cells with agents

which generate reactive oxygen species leads to direct conversion ofPKC to an activated form which is

no longer dependent upon lipids. These results suggest that the interrelationship between the

generation of oxygen free radicals and modulation of PKC may play a significant role in the mechanism
of chemical carcinogenesis and tumor promotion.

Results of immunohistochemical studies indicate that treatment of serum-deprived NIH 3T3
cells with the mitogen PDGF or with the PKC activator phorbol ester tumor promoter causes rapid

activation of Raf- 1 protein kinase at the nucleus. The data suggest that a cascade may be involved in

the transmission of mitogenic signal from the plasma membrane through PKC to activation of the Raf
kinase at the nucleus.

Another line of investigation is to determine if altered phospholipid metabolism might be a

primary event in the malignant transformation of cells. As with ras transformed cells, cells transformed

with the ra/oncogene were found to have significantly elevated levels of diacylglycerol. Results

indicate that increased tumover of phosphatidylethanolamine (PE) may be, at least in part, responsible

for the increased production of diacylglycerol in r^^ transformed cells.
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Major Findings :

1. Regulatory propeities of protein kinase C . Protein kinase C (PKC) plays a crucial role in the

transduction of transmembrane signals generated in response to a variety of hormones and other

extracellular stimuli, and also serves as the intracellular receptor for phorbol ester tumor promoter
(TPA). In the course of collaborative studies with Dr. R. Gopalakrishna to better understand the

regulatory properties of PKC, we established that this enzyme is markedly influenced by oxidative

modification. A selective modification of the regulatory domain of isolated PKC was obtained under
mild oxidative conditions by protecting the catalytic site with ATP-Mg. Under these conditions there

is a loss of both TPA binding and phospholipid-stimulated kinase activity. However, this modified
form of the enzyme exhibits an increase in phospholipid independent activity. This suggests that

selective oxidative modification of the regulatory domain may negate the requirement for Ca(2+) and
lipids for activation. The treatment of intact C6 glioma or B16 melanoma cells with hydrogen
peroxide also resulted in the generation of an oxidatively modified isoform ofPKC that exhibits

activity in the absence of phosphohpids. These results may relate to the mechanism of tumor
promotion by agents such as benzoyl peroxide and cumene hydroperoxide which do not bind
directly to PKC, but nonetheless appear to activate PKC by enhancing reactive oxygen species

within the cell.

2. Raf protein kinase . Since PKC plays a major role in cell growth regulation and tumor promotion,
studies, have been aimed at identifying proteins and activities modified by PKC to in tum transduce a

signal to other components of the cell, including the nucleus. One activity found to be modified by
initial activation ofPKC and which may play an important role in the signal transduction cascade is

the serine/threonine protein kinase encoded by the raf proto-oncogene. Studies, in collaboration

with Dr. U. Rapp, suggest that Raf protein kinase may be directiy activated by PKC. Further, we
have observed that treatment of growth arrested NIH 3T3 cells with the mitogen PDGF (maximal at

5 min.) or with phorbol ester tumor promoter (maximal at 20 min.) provokes a rapid redistribution

(along with activation) of the Raf protein kinase to the perinuclear region.

Since Uttie is known concerning the biochemistry of either cellular Raf kinase or the

truncated v-ra/ protein kinase product of the v-ra/" oncogene, studies were initiated to isolate and
characterize these protein kinase activities. An in vitro phosphorylation assay was developed
utilizing a synthetic pseudosubstrate peptide as phosphate acceptor, and partial purification was
attained by FPLC. These studies should lead to a better understanding of the cascade of events

leading from initial generation of a signal at the plasma membrane to transduction of the signal to the

nucleus.

3. Altered phosphoHpid metabolism . The modulation of phospholipid metabolism and generation of
the second messenger diacylglycerol (DAG) is thought to play a primary role in initiating cell

proUferation in response to certain growth factors, and also is thought to be a potential target of
certain oncogene products which act at the cell membrane. We have found a 3-fold increase in the

intracellular level of DAG when NIH 3T3 cells are transformed by human or mouse A-raf or 208 F
rat fibroblasts are transformed by an activated (truncated) mouse c-raf. With membranes isolated

from ethanolamine-prelabeled raf-transformed cells, 75% more phosphatidylethanolamine (PE) was
hydrolyzed during a 40 minute incubation period compared to memhw^anes from untransformed cells.

A similar high rate of PE turnover also was observed with intact raf transformed cells. Analysis of
water-soluble degradative products of PE suggest that a phospholipase D-type enzyme is involved in

the increased turnover noted in the ra/-transformed cells. Since little change is noted in the turnover
of either phosphatidylcholine or phosphatidylinositol, the data suggest that phospholipase D-
mediated turnover of PE contributes to the elevated levels ofDAG found in raf-transformed cells. In

studies to characterize the phospholipase D-mediated hydrolysis of PE, it was found that TPA
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treatment increased this activity. However, transformation of NIH 3T3 cells with rqfwas observed
to negate the ability ofTPA to enhance sphingomyelin synthesis. These results further suggest a

possible interrelationship between PKC and raf kinase to regulate biological processes.

4. Retinoids in mediating cell growth and tumor promotion . The intent of this study is to elucidate

the role and mechanism of action of retinoids in mediating cell growth and differentiation, and in

acting as antagonists toward tumor promotion. Previously, we established that treatment of cells

with retinoic acid (RA) leads to increased cyclic AMP-dependent protein kinase (PKA) activity,

suggesting an important synergy between RA and cyclic AMP to regulate cell growth and
differentiation. Now we observe that treatment of PYS (parietal endoderm) cells with TPA causes a

rapid (within 10 min.) increase in cytosolic PKA activity. Of interest is the finding that the anti-

tumor promoter RA completely abolished the TPA effect on PKA, even though it had no effect on
initial TPA activation of PKC.

In collaboration with Dr. D. Evain-Brion, studies were continued to better understand the

role of decreased PKA in the hyperproliferative skin disease psoriasis, and to further study the

mechanism by which RA treatment of psoriatic cells increases dieir low PKA levels toward normal.
In a study involving 34 psoriatic patients, it was found that the level of the RI regulatory subunit of
PKA is significantiy decreased in the membranes of red blood cells obtained from psoriatic subjects

when compared to the level of RI found in red cell membranes of normal subjects. A significant

negative correlation is noted between the level of RI found in the red cell membranes and the severity

of the disease in the psoriatic patients. Further, it was found that oral retinoid treatment of psoriatic

patients increased RI levels toward normal, thus paralleling results previously obtained with in vitro

RA treatment of psoriatic fibroblasts. Together with the TPA effects, these results suggest that

changes in PKA activity may be involved in the antineoplastic and therapeutic actions of retinoids.
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The Laboratory of Pathology is responsible for all the diagnostic services in

anatomic pathology for the Clinical Center of the NIH and has research programs

in various areas of experimental pathology. A fully accredited 4-year

residency program in anatomic pathology is provided for 9 residents and 3

fellows. The Laboratory is divided into 9 sections:

Surgical Pathology Section (Dr. Maria J. Merino, Chief)

Pulmonary and Postmortem Section (Dr. William D. Travis, Chief)

Cytopathology Section (Dr. Diane Solomon, Chief)

Ultrastructural Pathology Section (Dr. Maria Tsokos, Chief)

Biochemical Pathology Section (Dr. David D. Roberts, Chief)

Tumor Invasion and Metastases Section (Dr. Lance A. Liotta, Chief)

Hematopathology Section (Dr. Elaine S. Jaffe, Chief)

Gene Regulation Section (Dr. David L. Levens, Chief)

Office of the Chief (Dr. Lance A. Liotta, Chief)

All sections conduct investigative work and provide research opportunities for

the residents. Investigative work completed or in progress is listed by section

as follows.

Surgical Pathology Section

Approximately 6,000 surgical specimens or biopsies (approximately 60,000 slides)

were accessioned in the past year. Approximately 1,000 specimens of fresh

human tissues, including the eyes which are regularly removed during a complete

autopsy, were furnished to NIH scientists in various laboratories. A diagnostic

immunohistology service is provided for clinical diagnosis and research. A

tissue procurement nurse works closely with the staff and helps in the distribu-

tion of specimens to scientists. Clinicopathological studies are provided

supporting clinical protocols conducted by the Surgery Branch, the Medicine

Branch, and the Clinical Center.

Dr. Merino is investigating the use of immunohistochemical markers to study

the growth fraction and marker heterogeneity of human breast carcinomas over a

range of histologic types, before and after therapy. The goal will be to

correlate the marker levels with relapse rates and response to therapy.

Pulmonary and Postmortem Section

Dr. Travis is conducting a detailed review of interstitial fibrotic lung

disease. Lung biopsies from patients with idiopathic pulmonary fibrosis

have been reviewed and the data are currently being analyzed. Biopsies from 30

patients with pulmonary histiocytosis X are also being studied. The light
microscopic findings observed in these lung biopsies are being correlated with
clinical features, bronchoalveolar lavage data and ultrastructural findings.
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The pulmonary and autopsy pathological material is being actively utilized by

the staff and residents for research projects involving clinicopathological
correlation and pathological characterization of diseases studied at the

Clinical Center. Electron microscopic and immunocytocheraical techniques are

being applied to the study of these diseases. A comprehensive study of the

pulmonary pathology of the Acquired Immune Deficiency Syndrome (AIDS) is

currently being conducted based on surgical and autopsy lung pathology material
from AIDS patients seen at the NIH.

The neuropathology service is integrated with the Surgical Pathology Section,
Pulmonary and Postmortem Section, and the Ultrastructural Pathology Section.

Neuropathology diagnostic (patient care) service and teaching (of pathology
residents) are provided. Approximately 250 neurosurgical specimens were
examined last year. The service also functions in a collaborative manner to

provide neuropathological support for a wide range of clinicopathologic
investigations, including dementia, pituitary adenomas, PML and gliomas.

Cytopathology Section

This section provides diagnostic services in cytology (both exfoliative and

fine needle aspiration). During the year 3800 cytology specimens were
accessioned. Special expertise is provided in aspiration cytology. Fine
needle aspirations have increased 100%. The section provides a) a pathologist
to perform the aspiration; b) a pathologist to instruct the clinician in aspira-
tion technique; c) a cytotechnologist to assist the clinician; d) assistance to
the radiologist during the aspiration of a deep tissue specimen.

The section organized three national meetings to address quality assurance in

cytology and to develop a new system for reporting cervical/vaginal cyto-
pathology diagnoses.

In addition to the diagnostic reports, the staff of this section collaborates
closely with the clinical and surgical staff in various clinicopathologic
research projects. Dr. Diane Solomon has applied immunocytocheraistry to the

diagnosis of lymphomas in cytological materials. One hundred and ninety-eight
tumor suspensions have been evaluated for tumor-associated antigens and for
phenotypic analysis of tumor infiltrating lymphocytes.

Ultrastructural Pathology Section

This section provides diagnostic electron microscopy services for a diverse
group of Clinical Center physicians, including NCI, NIAMDD, NHLBI, NIAID, and
NINCDS, as well as submitted cases from outside physicians. This past year
approximately 200 cases were accessioned; over 150 were processed and diagnosed.
This facility provides diagnostic training and clinical research opportunities
for residents and fellows. Dr. Maria Tsokos has been doing diagnostic EM
while investigating the factors such as expression of MyoDl gene products
which correlate with the biologic aggressiveness of alveolar rhabdomyosarcoma
compared to embryonal rhabdomyosarcoma.
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P-glycoprotein has been associated with a raultldrug-reslstant (MDR) phenotype

in a wide variety of animal and human tumor cell lines and clinical tumor

specimens. Pediatric tumors, however, have not been Included in the studies

reported so far. Tissues from Ewing's sarcomas, primitive neuroectodermal

tumors and rhabdomyosarcomas will be evaluated for the presence of P-glyco-

protein using a commercially available antibody against P-glycoproteln and

employing a modified immunoperoxldase "sandwich" staining method. Hyperdlploldy

has been associated with an unfavorable histology (anaplastic) in Wilms' tumor

and with a better response to chemotherapy in unresectable neuroblastoma.

DNA-aneuploidy was found in rhabdomyosarcoma (RMS) in contrast to Ewing's

sarcoma and primitive neuroectodermal tumor (PNET).

The stage of differentiation of the 6 rhabdomyosarcoma (RMS) cell lines will be

altered by agents and/or conditions previously used to induce or inhibit

differentiation in myoblastlc cell cultures and RMS cell lines.

Biochemical Pathology Section

The Biochemical Pathology Section, under Dr. David Roberts, is carrying on

research on Immunochemistry of complex carbohydrates and cell surface receptors.

Current approaches include 1) determination of carbohydrate structures of

glycoproteins and analysis of oligosaccharide mixtures by gas chromatography/
mass spectrometry (GC/MS), 2) development of hybridoraa antibodies against

oligosaccharide haptens, and 3) immunochemical studies of cell surface glyco-
proteins.

The functions of thrombospondln in tumor cell adhesion and migration are being
investigated. The carboxyl-termlnal domain mediates attachment and haptotaxis,
while the amlno-terminal domain mediates cell spreading and chemotaxls. One

class of receptors are sulfated glycoconjugates which bind to the amlno-
terminal domain of thrombospondln. A minor heparan sulfate proteoglycan that

binds thrombospondln with high affinity was identified in two melanoma cell

lines and purified by affinity chromatography on throrabospondin-Sepharose.
The Intracellular responses of cells to surface receptor binding of thrombo-
spondln to the two types of receptors are also being investigated.

Sulfated glycoliplds and a2-3-llnked sialyl glycoproteins are two independent
receptors for cytoadhesion of M. pneumoniae . The former is present at high
concentrations In human trachea which is the primary site of infection. Mono-
clonal antibodies to the pathogen will be used to define receptors for these,

and the respective carbohydrates on affinity matrices will be used to purify
their receptors.

Several serotypes of Chlamydia were examined for binding to glycoliplds and

glycoproteins. The elementary bodies bind specifically to glycoliplds contain-
ing GalNAc31-4GalBl-4Glc sequences, heparin or fucoidln conjugated to
albumin, and to the adhesive proteins fibronectin and laminin.

Dr. Roberts has determined that sulfated glycoliplds participate in tumor cell
adhesion by directly promoting adhesion and as receptors for thrombospondln on
melanoma cells.
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Glycolipids isolated from esophageal tissues obtained from cancer patients,
normal individual controls, and a cultured esophageal carcinoma line were

examined using several monoclonal antibodies. Both neutral and sialylated
glycolipids containing 3-fucosyllactosamine sequences differ in expression
between the tumor and control tissues and a heptaglycosylceramide reacting with
antibodies to this sequence is found only in the tumor tissues. These glyco-
lipid antigens may be useful as markers of esophageal carcinoma.

Tumor Invasion and Metastases Section

Tumor invasion and metastasis is the major cause of cancer treatment failure.

Up to 60% of patients with newly diagnosed solid tumors already have microscopic
or clinical occult metastasis. Even if the primary tumor can be eradicated,
the metastatic disease will progress and kill the patient. Individual patients'

tumors vary widely in aggressiveness. Some tumors grow to a large size and
fail to metastasize. In contrast, some tumors disseminate very early in their
development. Thus, there is a great clinical need to develop new methods to a)

predict the aggressiveness of an individual patient's tumors, b) identify
clinically occult microraetastasis, and c) eradicate established metastatic
colonies. In order to provide a rational basis for clinical strategies, our
laboratory has been studying gene products involved in tumor invasion and

metastases.

The TIM section members have identified a set of gene products which may
regulate tumor invasion and metastasis: a) laminin receptor; b) autocrine
factor; c) NM23 metastasis suppressor protein, d) type IV collagenase, and
e) CSC-21 metalloproteinase inhibitor. These metastasis-associated gene
products may be different from those which regulate tumor growth, and this is

in keeping with the concept that benign tumors may grow in an unrestrained
fashion, but fail to invade.

The laminin receptor is a cell surface protein which binds laminin, a glyco-
protein of basement membranes, and is augmented in certain aggressive
human cancers compared to non-malignant counterpart cells. Dr. Mark Sobel
in our section has cloned and sequenced the full-length cDNA for the laminin
receptor. Dr. Castronovo, a fellow in our section, has recently found that

estrogen and progesterone regulate expression of the laminin receptor gene.
Using Northern blotting, estrogen and progesterone treatment increased laminin
receptor mRNA ten fold in ER and PgR positive breast cancer cell lines. In
contrast, ER and PgR negative breast cancer cells exhibited a constant high
level of laminin receptor mRNA unaltered by hormone treatment. These observa-
tions of augmented levels of cell surface laminin receptors in human tumors has
led to the therapeutic stragegy of using anti-laminin receptor antibodies to

target adriamycin encapsulated liposomes to tumor cells. In vitro studies
using this approach have demonstrated more than a ten-fold higher rate of
killing of human breast carcinoma cells compared to breast epithelial cells.
Clinical trials using this approach are in the preclinical toxicology phase.

The autocrine motility factor (AMF) is a new cytokine which is secreted
by tumor cells, binds with high affinity to a cell surface receptor, and
profoundly stimulates locomotion. Dr. Elliott Schiffmann's group has found
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that a pertussis toxin sensitive G protein is required for the transduction

of the AMF signal through the phosphoinositol pathway. Screening of inhibitors

blocking this pathway has led to the identification of a Merck compound which

may be of therapeutic value in cancer treatment. Preclinical toxicology and

the design of clinical protocols are now complete for this compound. We hope

that suitable clinical support will be available to immediately initiate

clinical trials.

We have recently published a clinical study describing the measurement of AMF

in the urine of patients with transitional cell carcinoma of the bladder. A.

very strong correlation was found between the AMF levels and tumor grade, stage

of invasion, and recurrence. This test has received great interest by urolo-

gists and we are now accepting hundreds of urine samples for a large screening

study. The test may be a potential adjunct in the early detection of bladder

cancer recurrence.

NM23 is a gene expressed to a higher level in low metastatic tumor cells

compared to high metastatic cells. It encodes a putative metastases suppressor

protein. Dr. Pat Steeg, a fellow in our section, has cloned and sequenced a

full-length NM23 cDNA clone. The encoded protein sequence has properties

suggesting a leucine-zipper DNA binding protein. The NM23 protein has a size

of 17 kDa by Western blotting of nuclear extracts using anti-peptide antibodies.

The NM23 protein is virtually identical to a Drosophila gene (awd) product which

plays a critical role in morphogenesis and tissue pattern formation. The

discovery of NM23 therefore provides a link between development and metastasis.

The negative correlation of NM23 expression with metastases was confirmed in

four different animal model systems using multiple clones. Immunogenicity
does not appear to play a role in the mechanism of action of NM23. A strong
negative correlation was found between human breast carcinoma aggressiveness,

in terms of lymph node metastases, and NM23 mRNA expression. Preliminary
data suggests that the NM23 gene location may be on chromosome 11, possibly
on the short arm region shown by Callahan to be deleted in more aggressive
human breast cancer cases. Additional preliminary data has demonstrated a

strong suppression of experimental metastases in a series of tumor cell

clones transfected with NM23 compared to a series of control transfections.

NM23 may provide a number of significant prognostic and therapeutic strategies.

The structural backbone of the basement membrane is type IV collagen, a

collagen genetically distinct from the other types of collagen. We originally
determined that type IV collagen was resistant to known mammalian collagenase
which could degrade collagen types I, II, and III. Our laboratory discovered
type IV collagenase, a metalloproteinase which cleaves type IV collagen in a

pepsin resistant site located 1/4 of the distance from the amino terminus of

the substrate. The enzyme is secreted in a latent 70 kDa form which fails to

degrade type IV collagen. When the enzyme is activated, it becomes reduced
to a molecular size of 62 kDa and can specifically cleave type IV collagen.
Both latent and active forms of this enzyme are gelatinolytic. This enzyme
is secreted in large amounts by tumor cells and its rate of elaboration is

correlated with the metastatic phenotype in several systems. It is a unique
member of the metalloproteinase family. Antibodies which block the activity
of this enzyme and synthetic inhibitors of this enzyme block tumor cell
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invasion in vitro. This enzyme may play a crucial role during invasion and

metastasis

.

Analysis of the full-length cDNA clone encoding the human latent type IV

collagenase has revealed three separate functional domains: 1) an amino terminal

domain of 80 residues which triggers a conformational change in the enzyme re-

sulting in activation from a latent state. Organomercurial activation of the

latent type IV collagenase results in autocatalytic removal of this amino ter-

minal domain resulting in the conversion to a 62 kDa activated form of the

enzyme. The amino terminal sequence of the purified enzyme before and after
activation reveals cleavage at a single locus generating a new amino terminus

starting at residue 81: YNFFPPKPKWDKNQ. This site is adjacent to the carboxyl
end of a conserved region PRCGVPDV which contains an unpaired cystein residue.
An identical sequence is present at the activation site of prostromelysin and

interstitial procollagenase. Further studies have demonstrated that this
sequence comprises an intrinsic inhibitor which blocks the active site of the

enzyme. (2) a cystein-rich repeat domain which binds to the substrate independ-
ent of metal ions and is responsible for the substrate specificity, and 3) a

histidine containing domain VAAHEFGHAMGLEHSQ which is the active site of the
enzyme, and requires metal ions. Affinity purified antibodies made against
synthetic peptides corresponding to the latent versus active enzyme were used
to study the expression of the enzyme antigen during progression from human in

situ to invasive breast carcinoma. The latent type IV collagenase was found
associated to a low degree with benign duct myoepithelial cells. In contrast,
the active enzyme form was not present in normal ducts or benign ductal pro-
liferation, was present variably in comedo carcinoma J^n situ , and was markedly
augmented in primary invasive carcinoma and metastases. This indicates that
enzyme activation may be an important correlate of tumor progression. Type IV
collagenase production also shows a strong correlation with invasive grade in

human colorectal cancer, and is markedly augmented following ras oncogene
transfection in a variety of murine and human cell types.

Identification of functional domains on type IV collagenase has led us
to devise three strategies for inhibition of the enzyme using synthetic
peptides: a) blocking activation of the latent metalloproteinase, b) blocking
binding of the latent or active metalloproteinase to the substrate, and
c) inhibition of the active (cleavage-producing) site of the enzyme. We have
discovered specific synthetic peptides which accomplish all three strategies.

The first clinical application of this information is in the diagnosis and
prognosis of cancer, Immunohistologic staining using antibodies to various
domains on type IV collagenase have proven to be a useful means to judge the
invasive potential of a tumor and to identify micrometastases in lymph nodes or
other tissues distant from the primary tumor site. Type IV collagenase may be
a particularly good marker in urine for bladder cancer, and may also prove
useful as a serum marker for systemic cancers. Preliminary data indicates that
levels of type IV procollagenase mRNA and type IV procollagenase gene rearrange-
ment and amplification may be of prognostic value in human carcinomas.
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The second clinical application is therapy. We believe that synthetic,

natural, or recombinant inhibitors of type IV collagenases may have significant

therapeutic potential as agents which block angiogenesis and tumor invasion.

They may have low toxicity since basement membrane turnover is rare in normal

tissues. There also may be therapeutic utility for the recombinant enzyme

itself or for enzyme fragments.

In regard to the regulation of type IV collagenase, we have discovered

a novel proteinase inhibitor which binds with a 1:1 stoichiometry to type IV

collagenase. The inhibitor has been purified to homogeneity and the complete
primary structure has been determined. The novel inhibitor, termed CSC-21,

is the first new member of the TIMP (tissue inhibitor metalloproteinases)

family with conservation of all 12 cysteine positions. This new inhibitor

can be considered in the class of tumor suppressor gene products.

Hematopathology Section

The Hematopathology Section conducts a major program in diagnostic and experi-

mental hematopathology. Dr. Jaffe supervises an internationally recognized
consultation service for diagnostic hematopathology. While most of this

material pertains to patients with malignant lymphoma admitted to the clinical
services of the National Cancer Institute, collaborations are also conducted
with NIAID and NIAMDD for patients with reactive lymphoproliferative lesions.

Drs. Jaffe and Cossman also receive several hundred cases submitted for diag-
nostic consultation from pathologists in the regional medical community as well
as throughout the United States and other parts of the world.

The Hematopathology Section continues its active research program on the immuno-
logical characterization of malignant lymphomas. All patients with newly
diagnosed lymphomas or recurrences are studied for phenotypic and functional
markers. This information is utilized to study the relationship of malignant
lymphomas to the normal immune system, to develop improved classifications of

disease, and to distinguish new clinicopathologic entities. This information
is also being used as a basis for immunotherapy in collaboration with the

Medicine Branch, DCT, and the Biological Response Modifier Program in Frederick,

Maryland, NCI.

Dr. Jaffe has continued to study the pathologic features of HTLV-I associated
lymphomas. In selected populations where HTLV-I is endemic, such as Jamaica,
prospective studies of all newly diagnosed lymphoma patients are conducted.
Such studies are useful in identifying the clinicopathologic spectrum of HTLV-I
associated diseases. Prospective studies of all lymphomas in similar geographic
regions with differing incidences of adult T cell leukemia/ lymphomas are studies
to discern factors which make an impact on the incidence of HTLV-I and HTLV-I
associated diseases.

Lymphocytes activated with IL2 both in vivo and in vitro are being used for the

experimental treatment of human malignancies. The mechanism of action of this
therapy is not clearly established, and it is not known whether those I'/mpho-

kine-activated killer cells (LAK) infused actually migrate and infiltrate
tumors, or whether other effector cells mediate the observed tumor regression.
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In order to better understand the pathophysiology of LAK-IL2 treatment, tumor

biopsy specimens are obtained before, during, and after conclusion of LAK-IL2

treatment. Specimens are studied with an iramunohistochemical technique for a

battery of tumor markers as well as markers capable of identifying T cells,

B cells, histiocytes, NK cells, and other effector cells. These data are then

correlated with conventional, clinical and pathologic data to determine whether
the immunopathology observed can predict clinical response.

Dr. Cossman has been studying the molecular basis of the diagnosis of human
lymphoproliferative disease. This work has already produced a number of major
findings. The T- and B-cell lineage of diffuse, aggressive lymphomas as deter-
mined by phenotypic studies can be confirmed by detection of appropriately
rearranged T-cell receptor or immunoglobulin genes. Moreover, in some patients'

tissues which lack evidence of malignant lymphoma by conventional histology or

immunologic studies, malignant lymphoma can be identified by these techniques.

Dr. Maryalice Stetler-Stevenson has demonstrated that frequent relapse of

follicular lymphoma, the major obstacle to cure, is a consequence of clonal
expansion of daughter cells derived from a common stem cell. Thus, despite the

"clinical" remission achieved by therapy in most patients, residual lymphoma
cells must persist. To detect occult lymphoma, she has specifically amplified
the joined bcl-2/JH DNA sequences created by the t(14;18) translocation seen in

nearly all follicular lymphomas. Using multiple rounds of primer-directed DNA
polymerization (polymerase chain reaction, PCR) , he can detect 1 copy of

bcl-2/JH, which is four orders of magnitude more sensitive than flow cytometry
or Southern blot restriction analysis. Genomic DNA sequence analysis of four
lymphomas confirmed that the size of the amplified fragment serves as a unique
tumor marker. Direct application to clinical samples has demonstrated lymphoma
cells which were otherwise undetectable.

Gene Regulation Section

Dr. David Levens has developed a novel method for identifying sequence-specific
DNA binding proteins.

The gibbon ape leukemia virus is a family of type C retroviruses associated with
several distinct hematopoietic malignancies. The Seato strain is associated
with granulocytic leukemia. The principal determinant of enhancer activity has
been shown to reside in a 22 bp element which interacts with cellular proteins.
These same proteins also bind to a negative cis-element approximately 330 bp
upstream of c-myc promoter PI. The gibbon T-cell lymphoma cell line MLA 144
strongly transactivates the GALV-Seato enhancer. Fractionation of MLA 144
extracts by conventional and affinity chromatography allows the separation of
the GALV enhancer binding protein complex into 2 components. One of these
components interacts strongly with DNA but does not in itself possess full
specificity. The second component does not in itself bind DNA, but upon forming
a complex with the first component confers greatly enhancer power to discrimi-
nate between different sequences.
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Application of an exonuclease assay developed in his laboratory to identify and

map the sites of tight protein-DNA interactions on large pieces of DNA, to the

c-rayc has revealed multiple cis- and trans-elements both upstream and downstream

of the c-myc promoter Pi. The group has focused on 3 regions, each of which

interacts with one or more sequence-specific binding proteins. A negative

cis-element present in intron one of the c-myc gene is frequently mutated in

Burkitt's lymphoma.

Office of the Chief

Dr. Mackem is investigating genes which regulate morphogenesis. The elucidation

and characterization of genes necessary for establishing pattern formation

during morphogenesis and the study of their regulation are problems which are

central to many aspects of vertebrate biology. It may be expected that pro-

cesses including responses to trophic stimuli, cell-cell interactions, migra-

tion, differential cell mutliplication, programmed cell death, etc. are all

involved. Many of these same processes are recapitulated in a pathologic

manner during oncogenesis.

Dr. Davis is developing a system to study regulatory events in leukocyte

adhesion and migration, HL-60 promyelocytic leukemia cells are known to be

deficient in cell-substrate adhesive ability unless treated with differentiating
agents which can induce either a granulocyte-like or raonocyte-like phenotype.

Dr. Davis has treated HL-60 cells with various known differentiating agents

such as phorbol esters (TPA) , dimethylsulfoxide (DMSO) , 1,25 dihydroxyvitamin D3

(vitamin D3), dibutyryl cyclic AMP and retinoic acid and have examined the

development of cell-substrate adhesive and migratory ability as well as the

presence of proteolytic activities. The cells release a 94 kDa gelatin-
degrading metalloprotease which is induced during the development of cell-

substrate adhesive ability with phorbol esters.

Dr. Kelly is investigating the consequences of mitogen-mediated signals to T

cells. She has isolated over 60 novel cDNA clones that represent raRNA species
induced by PHA and PMA in human peripheral blood T cells. Primary sequence

analyses on five clones have been completed and have revealed two functional

classes of proteins encoded by these genes: lymphokines and DNA binding

proteins/transcription factors. Potential functional activities of the three

putative lymphokines currently are being tested with recombinant proteins.
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The Surgical Pathology Section provides service in anatomic pathology for the

Clinical Center patients and collaborates with the research staff of all insti-
tutes in those investigations which involve the use and study of human patho-
logical material. The frozen section and surgical pathology processing area
was constructed adjacent to the new operating rooms and has been in use since
April, 1983. This new facility has greatly enhanced processing of specimens
and communication of diagnostic findings with attending physicians. It is

equipped with intercom and television viewing screens in each operating room to

facilitate communication.

The staff is actively engaged in a variety of projects involving clinicopatho-
logical correlation and pathologic characterization of diseases studied at the
Clinical Center. Up-to-date immunohistochemical techniques have been applied to

the study of tumors and other non-neoplastic diseases. The use of immunohisto-
chemical staining has greatly facilitated more precise diagnosis in selected
cases and with the increasing number of monoclonal antibodies available this
technique should have even greater value in diagnostic and research pathology.
A major renovation of the histology laboratory is in the final stage. This
will include space allocated for performance of special stains and immunocyto-
chemistry.
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Other Professional Personnel :

P. Cohen Senior Staff Fellow LP NCI

W. Travis Expert LP NCI

M. Raffeld Senior Staff Fellow LP NCI

C. Axiotis Expert LP NCI

"•"S. Pittaluga Visiting Associate LP NCI

+G. Jaffe Staff Fellow LP NCI

+G. Davis Staff Fellow LP NCI

+K. Schmidt Staff Fellow LP NCI

+A. Ginsberg Staff Fellow LP NCI

+J. Taubenberger Medical Staff Fellow LP NCI

"•d. Kleiner Medical Staff Fellow LP NCI

+D. Roth Medical Staff Fellow LP NCI

"J. Stern Consultant in Dermato patho logy

Objectives :

The objectives of the Surgical Pathology Section are:

(a) to provide diagnostic services in pathologic anatomy to the clinical re-

search projects conducted at NIH;

(b) to carry out independent research;

(c) to provide a residency program in anatomic pathology; and

(d) to collaborate with investigators in research involving the use and study

of human materials.

The proposed course of research includes (a) continuing to provide the

services described; (b) increasing the interaction with the clinical

branches in the design and evaluation of protocols; (c) improving the oppor-
tunities for the resident staff to participate in teaching, conferences,

and seminars, and providing elective periods to be spent accomplishing

research projects with the senior staff; and (d) implementing data retrieval

programs.

The staff assists the residents in preparing for the numerous clinical
conferences in which the section participates.

Histopathologic and iramunohistology studies will be performed as part of the

following clinical protocols: 1) Dose intensive chemotherapy in locally ad-

vanced and metastatic breast cancer; 2) Use of monoclonal antibody L6 to

scintigraphically detect metastases; 3) Combination radioiodine and adriamycin
for follicular thyroid cancer; 4) Treatment of stage I and II carcinoma of

breast, mastectomy vs. lumpectomy; and 5) Phase II evaluation of suramim in

advanced stage carcinoma of prostate.

"^hese physicians are full-time Residents in the Laboratory of Pathology.
This Associate Pathologist spends part time in the activities of the Surgical
Pathology Section.
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MacLusky JJ, Volt R, Lazo JS, Merino MJ, Schwartz PE. Aroraatase activity in

human ovarian cancer. Steroids 1987; 1-12.

LiVolsi VA, Merino MJ. Pathology of salivary glands. In: Ariyan S, ed.

Cancer of the head and neck. St. Louis: C V Mosby, 1987.

Chambers SK, Kapp DS, Lawrence R, Merino MJ, Kohorn EI, Schwartz PE. Prog-

nostic factors and sites of failure in FIGO Stage I, Grade III endometrial
carcinoma. Gynecol Oncol 1987;27:180-8.

Merino MJ, Kennedy S, LiVoIsi VA, Axiotis C. Spindle cell tumors of the breast,

An ultrastructural and immunohistochemical study of 8 cases. Surg Pathol 1988;

1:193-1.

Sciocia A, Merino MJ, Haas M, Schwartz PE. Malignant mixed Mullerian tumor of

the uterus arising in association with a viable gestation. Obstet Gynecol
1988;71:1047-0.

Mcintosh JK, Muli JJ, Merino MD, Rosenberg SA. Synergistic anti-tumor effects
of immunotherapy with recombinant interleukin-2 and recombinant tumor aecrosis
factor. Cancer Res 1988;48:4011-7.

Lefor AT, Merino MJ, Steinberg SM, Roth JA, Pass HI. Computerized tomographic
prediction of extraluminal spread and prognostic implications of lesions width
in esophageal carcinoma. Cancer 1988;62:1287-2.

Chambers JT, Merino MJ, Kohorn EI, Schwartz PE. Borderline ovarian tumors.
Am J Obstet Gynecol 1988;159:1088-4.

Korat 0, Trojanowski J, LiVolsi V, Merino M. Antigen expression in normal
paraganglia and paragangliomas. Surg Pathol 1988;1:33-0.

Solomon D, Merino MJ. Lymphomatoid granulomatosis mimicking renal cell
carcinoma in aspiration cytology. Surg Pathol 1988;1:271-5.

Auerback HE, LiVolsi VA, Merino MJ. Malignant mixed Mullerian tumors of the
uterus. An immunohistochemical study. Int J Gynecol Pathol 1988;7:123-0.

Fraker DL, Stovroff MC, Merino MJ, Norton JA. Tolerance to tumor necrosis
factor in rats and the relationships to endotoxin tolerance and toxicity.
J Exp Med 1988;168:95-105.

Schwartz PE, Merino MJ, McCrea-Curnen M. Rapidly progressively cervical cancer.
Clinical management. Yale J Biol Med 1988;61:327-38.

Ohuchi N, Merino MJ, Carter D, Simpson J, Kennedy S, Kufe D, Schlora J.

Differential expression of DF3 antigen between papillary carcinomas and benign
papillary lesions of the breast. In: Ceriani R, ed. Immunological approaches
to the diagnosis and therapy of breast cancer II. New York: Plenum Publ Corp
(in press)
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

As described previously, subspecialty expertise in diagnostic neuropathology is

provided to the Laboratory of Pathology, NCI, and to all other institutes, via

the Office of the Clinical Director, NINCDS. The neuropathology service is

integrated with the Surgical Pathology, Postmortem, and the Ultrastructural
Pathology Sections. Within the Laboratory of Pathology, both diagnostic
(patient care) service and teaching (of pathology residents) are provided. The

service also functions in a collaborative manner to provide neuropathological
support for a wide range of clinicopathologic investigations.
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Major Findings :

The neuropathology service continues to function: (1) to provide a specialized
diagnostic service for neurosurgical and autopsy material from NIH patients;

(2) to use this material to carry out clinicopathologic studies of primary
neurologic disease and neurologic complications of systemic disease, and to

(3) teach resident trainees in anatomic pathology the fundamentals of neuro-
pathology; (4) to assist, in collaborative fashion, basic investigators who
desire to study human nervous tissue.

Autopsy : As in previous years, the brain was examined in approximately
75% of all autopsies, and approximately one-half of these manifested significant
primary or secondary neurologic findings. Neuropathologic consultation is

available at the time of autopsy, as needed, for special handling of the brain
and/or spinal cord. Detailed and standardized gross examination, description
and photography are carried out with the pathology residents at weekly brain
cutting sessions. The microscopic slides of all brains and spinal cords are
reviewed by the neuropathologist, and the findings integrated into the autopsy
report. Presentations of pertinent findings at gross autopsy conference and
other clinical conferences are performed by the resident in consultation with
the neuropathologist.

Surgicals ; Similar to that described previously. Approximately 250
neurosurgical specimens are examined yearly, including both submitted and
in-house cases. Approximately 50 intra-operative frozen section consultations
are provided yearly. Current in-house case material includes pituitary
adenomas, stereotactic biopsies (tumors, AIDS-related lesions), electro-
corticographically guided resections for temporal lobe seizures, and PML
(progressive multifocal leukoencephalopathy)

.

Conferences : The case material described above is also utilized for resi-
dent teaching conferences and neurology conferences, including presentations
at NINCDS Grand Rounds (both formal CPC's and subject reviews).

Specific Studies :

1. Dementia : autopsy confirmation and clinical correlation of patients
clinically diagnosed as having Alzheimer's disease (NIA, NIMH, NINCDS).

2. Pituitary adenomas : retrospective study of pituitary adenomas in
Cushing's disease.

3. Progressive multifocal leukoencephalopathy (PML) : rapid diagnosis/
correlation of immunoperoxidase , in-situ hybridization, and EM findings;
pathogenesis, including development of an animal model.

4. Malignant gliomas : pathologic study of effects of implanted radiation
seeds for malignant gliomas; experimental use of IL2-LAK for brain metastasis.
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Publications

:

Kinsella TJ, Collins J, Rowland J, Klecker R, Wright D, Katz D, Steinberg S,
Glatstein E. Pharmacology and phase l/ll study of continuous intravenous
infusions of iododeoxyuridine (idUrd) and hyperfractionated radiotherapy in
patients with glioblastoma multiforme. J Clin Oncol (in press)
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The Section of Pulmonary and Postmortem Pathology, together with the Cyto-
pathology Section, Heraatopathology Section, Surgical Pathology Section, and
Ultrastructural Pathology Section provide complete service in anatomic pathology
for the Clinical Center patients and collaborate with the research staff of all
institutes in those investigations which involve the use and study of human
pathological material. The Autopsy Suite was recently renovated and new equip-
ment specially designed for safety was developed in conjunction with the
Occupational Safety and Health Branch, Division of Safety, Office of the
Director. A set of special autopsy safety policies, many of which were
developed in our department, is utilized to protect our staff and residents
from exposure to tissues contaminated with high risk infectious agents and
radiation.

The pulmonary and autopsy pathological material is being actively utilized by
the staff and residents for research projects involving clinicopathological
correlation and pathological characterization of diseases studied at the Clinical
Center. Electron microscopic and immunocytochemical techniques are being
applied to study of these diseases. A comprehensive study of the pulmonary
pathology of the Acquired Immune Deficiency Syndrome (AIDS) is currently being
conducted based on surgical and autopsy lung pathology material from AIDS
patients seen at the NIH. The autopsies from cancer patients treated with
interleukin-2 and other forms of immunotherapy have been reviewed and a paper
is almost completed on this subject.
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Objectives :

The objectives of the Pulmonary and Postmortem Section are: (a) to provide
diagnostic services in pulmonary and autopsy pathology for the clinical
research projects conducted at NIH. This includes generating pathology reports
for current cases and presenting the pathologic findings of autopsies and lung

biopsies at clinical conferences with clinicians and radiologists; (b) to

carry out independent research; (c) to provide teaching to the NIH residency
program in anatomic pathology; and (d) to collaborate with investigators in
research involving the use and study of human materials.

The proposed research program includes (a) continuing to provide the services
described; (b) increasing interaction with clinical branches in the design
and evaluation of protocols; (c) providing opportunities for residents to

participate in teaching, and in research projects; (d) developing data
retrieval systems for the autopsy and pulmonary pathology material.

Publications :

Travis WD, Li C-Y, Yam LT, Bergstralh EJ, Swee RG. Significance of systemic
mast cell disease with associated hematologic disorders. Cancer 1988;62:965-2.

Travis WD, Li C-Y, Bergstralh EJ, Yam LT, Swee RG. Systemic mast cell disease:
analysis of 58 cases with literature review. Medicine 1988;67:345-68.

Skinner M, Pinnette A, Travis WD, Shwachman H, Cohen AS. Isolation and
characterization of amyloid protein AA from a patient with cystic fibrosis.
J Lab Clin Med 1988;112:413-7.

Blute ML, Travis WD, Engen DE, Kvols LK. Primary signet-ring cell carcinoma of
the bladder. J Urol 1989;141:17-1.

Yeh C-K, Fox PC, Fox CH, Travis WD, Lane HC, Baum BJ. Kaposi's sarcoma of the
parotid gland in acquired immunodeficiency syndrome (AIDS) - A case report.
Oral Surg, Oral Path, Oral Med 1989;67:308-2.

Travis WD, Li C-Y, Bergstralh E. Solid and hematologic malignancies in 60
patients with systemic mast cell disease. Arch Pathol Lab Med 1989;113:365-8.

Travis WD, Davis G, Tsokos M, Howley P, Lebowitz R, Merrick HFW, Brady RG,
Miller S, Gregg RE, Di Bisceglie AM, Ishak KG, Parker R, Filling-Katz M.
Multifocal verruciform xanthoma of the upper aerodigestive tract in a child with
systemic lipid storage disease. Am J Surg Pathol 1989;13:309-6.
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Pathology of Interstitial Pulmonary Fibrosis

PRINCIPAL INVESTIGATOR (List other prolessional personnel Oelow the Principal Investigator.) (Name, title, laboratory, ana institute atfiliation)

PI; W.D. Travis

OTHER: V. Ferrans
R.G. Crystal

Chief, Pulmonary and Postmortem
Pathology Section

Chief, Ultrastructure Section
Chief, Pulmonary Branch

LP NCI

IR PA NHLBI
IR PB NHLBI

COOPERATING UNITS (it any)

Pulmonary Branch, NHLBI

L*B/BRANCH

Laboratory of Pathology
SECTION

Pulmonary and Postmortem Pathology Section
INSTITUTE AND LOCATION

NCI, NIH, Bethesda. MP 20892
TOTAL MAN-YEARS; PROFESSIONAL;

CHECK APPROPRIATE 80X(ES)

n (a) Human subjects

n (a1) Minors

D (a2) Interviews

Kl (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use sfandanJ unr^ucea type. Do not exceed the space proviOed.)

A detailed pathologic review of the NIH (Pulmonary Branch, NHLBI) experience
with pulmonary interstitial fibrosis is being performed to investigate
potential new approaches to the diagnosis and pathologic subclassif ication of
interstitial fibrosis. Recent reports have described newly recognized forms
of interstitial fibrotic lung disease previously classified as idiopathic
pulmonary fibrosis suggesting a need for rethinking of traditional concepts
of the pathology of pulmonary interstitial fibrosis.

The broad experience of the Pulmonary Branch, NHLBI, provides a rich resource
of clinical and pathologic material which may provide the basis for recognition
of new prognostically significant forms of interstitial lung fibrosis.

Lung biopsies from 60 patients with idiopathic pulmonary fibrosis have already
been reviewed and the data are currently being analyzed. Biopsies from 30
patients with pulmonary histiocytosis X are also being studied. The light
microscopic findings observed in these lung biopsies are being correlated with
clinical features, bronchoalveolar lavage data and ultrastructural findings.
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Publications ;

Ognibene FP, Masur H, Rogers P, Travis WD, Suffredini AF, Feuerstein I,

Kovacs JA, Gill V, Baird BF, Carrasquillo JA, Parrillo JE, Lane HC, Shelhamer

JH. Nonspecific interstitial pneumonitis without evidence of Pneumocystis

carinii in asymptomatic patients infected with human immunodeficiency virus

(HIV). A bronchoscopic study. Ann Intern Med 1988;109:874-9.

Leonard JM, Abraraczuk J, Pezen DS, Rutledge R, Belcher JH, Hakim F, Shearer G,

Lamperth L, Travis W, Frederickson T, Notkins AL, Martin MA. Development of

disease and recovery of transgenic mice containing HIV proviral DNA. Science
1988;242:1665-0.

Travis W, Linnoila I, Horowitz M, Pass H, Ozols R, Gazdar A. Pulmonary nodules
resembling bronchioloalveolar carcinoma in adolescent cancer patients. Mod

Pathol 1988;1:372-7.

Travis WD, Lack EE, Ognibene F, Suffredini A, Shelhamer J. Lung biopsy
interpretation in the acquired immunodeficiency syndrome (AIDS). Review of the

National Institutes of Health experience with literature review. Prog AIDS
Pathol 1989;1:51-84.

Puri RK, Travis WD, Rosenberg SA. Recombinant interleukin-1 _in vivo decreases
interleukin-2 or interferon-alpha and interleukin-2 induced increased vascular
permeability and edema formation in mice lungs. Cancer Res 1989;49:969-6.

Murphy PM, Fox C, Travis WD, Koenig S, Fauci AS. Acquired immunodeficiency may
present as severe restrictive lung disease. Report of a case. Am J Med 1989;

86:237-0.
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PI: D. Solomon
L. Elwood
T. A. Wood
L. Galito
A. M. Wilder
E. Sanders
K. Condron

Chief, Cytopathology Section
Senior Staff Fellow
Biologist
Biologist
Biologist
Bio. Lab. Tech.
Microbiologist

LP NCI
LP NCI
LP NCI
LP NCI
LP NCI
LP NCI
LP NCI

COOPERATING UNITS (if any)

UVB/BHANCH

Laboratory of Pathology
SECTION

Cytopathology Section
INSTITUTE AND LOCATION

NCI, NIH, Bethesda. MP 20892
TOTAL MAN-YEARS: PROFESSIONAL

CHECK APPROPRIATE BOX(ES)

^ (a) Human subjects

Kl (a1) Minors

n (a2) Interviews

n (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standard unreduced typ«. Da not exceed the space provided.)

The Cytopathology Section provides complete diagnostic service in exfoliative
cytology and fine needle aspiration cytology. The section also routinely
applies immunocytochemistry techniques to confirm and/or enhance cytological
diagnostic accuracy. In addition, the section collaborates in various clinical
research projects utilizing routine microscopy as well as special staining
techniques, immunocytochemistry, and flow cytometry.

The fine needle aspiration service is designed to afford maximal flexibility
for clinicians and patients. Clinicians may request:

1) a pathologist perform the aspiration
2) a pathologist instruct the clinician in aspiration technique
3) a cytotechnologist assist the clinician in handling the specimen
4) aspirations of deep lesions performed by the radiologist with the assistance

of a cytotechnologist to evaluate adequacy of the specimen
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Major Findings :

Approximately 3800 cytology specimens were evaluated over the past year in

the Cytopathology Section, an increase of 10% over previous years . Diagnoses

are generally available within 24 hours of receipt. Preliminary diagnoses on

STAT cases are communicated within 1-2 hours. Cytology is no longer simply a

screening modality: Cytologic evaluation often provides definitive diagnoses
which dictate patient care and treatment.

Fine needle aspiration specimens have increased in number by 100% compared to

2 years ago . This modality has been embraced by clinicians as a minimally
invasive technique which provides diagnoses rapidly and cost effectively,
with minimal discomfort to the patient often obviating more invasive biopsy
procedures.

Cases submitted by outside pathologists for consultation by the Cytopathology
Section have increased in number by approximately 200% over previous years .

Cytological techniques are utilized in collaborative work with other sections
and branches of NIH. For example, single cell tumor suspensions, tumor cell

lines, and stimulated lymphocyte cultures are evaluated microscopically and
by immunocytochemical techniques.

Publications :

Hamburger JI, Husain M, Nishiyama R, Nunez C, Solomon D. Increasing the

accuracy of fine needle biopsy for thyroid nodules. Arch Pathol (in press)

Solomon D, Schwartz A. Renal pathology in von Hippel-Lindau disease. Hum
Pathol 1988;19:1072.

Solomon D, Merino M, Linehan M, Jaffe E. Angiocentric malignant lymphoma
involving lung and kidney: Mimicking renal cell carcinoma in fine needle
aspiration cytology. Surg Pathol 1988;1:273-6.

Yeh C, Fox PC, Ship JA, Busch KA, Bermudez DK, Wilder A, Katz RW, Wolff A,

Tylenda CA, Atkinson JC, Baum BJ. Oral defense mechanisms are impaired early
in HIV-1 infected patients. J AIDS 1988;1:361-6.
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PI: D. Solomon
OTHER: E.S. Jaffe

L. Elwood
K. Condron

Chief, Cytopathology Section LP NCI
Chief, Hematopathology Section LP NCI
Senior Staff Fellow LP NCI
Microbiologist LP NCI

COOPERATING UNITS (if any)

U\B/BHANCH

Laboratory of PatholoSX.
SECTION

Cytopathology Section
INSTITUTE AND LOCATION

NCT. NTH. Rethesria, Mn^ ?n«Q?
TOTAL MAN-YEARS: PROFESSIONAL

J15-
CHECK APPROPRIATE BOX(ES)

D (a) Human subjects

D (a1) Minors

D (32) Interviews

(b) Human tissues D (c) Neither

SUMMARY OF WORK (Usa standard unreduced type. Do not exceed the space provided.)

The cytological diagnosis of malignant lymphoma can be extremely difficult
because the cytological features of the malignant cells in small cell and mixed
small and large cell lymphomas may be indistinguishable from those of reactive
lymphoid cells. We have examined the usefulness of the avidin biotin immuno-
peroxidase technique and a battery of antibodies to T and B cell markers to the
diagnosis of lymphoma in cytological specimens. We conclude that immunocyto-
chemistry is very useful in the cytological diagnosis of non-Hodgkin' s lymphoma.
Further, it is possible to diagnose Che vast majority of lymphomas using only
the immunoglobulin light chain markers ic and X and the T-cell markers Leu-1,
Leu-2, and Leu-3.

We are extending the utilization of lymphoid markers to fine needle aspiration
specimens of lymph nodes. Fine needle aspiration may obviate the need for re-
peat biopsies in patients with recurrent lymphoma.
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Major Findings :

We have investigated 343 specimens, including 188 pleural and peritoneal
effusions, 69 cerebrospinal fluids, and 78 fine needle aspiration specimens.

We have found 155 cases to be positive for lymphoma and 88 to be reactive in

nature. Of the 155 positive cases, 119 were diagnosed as monoclonal B cell
proliferations on the basis of either k or X light chain but not both. A
diagnosis of T cell lymphoma was made in 31 cases on the basis of aberrant
marker phenotype or TdT positivity. Acute nonljnnphocytic leukemia was diagnosed
in two cases and Hodgkin's disease in two cases.

The application of immunocytochemistry to cytology specimens is an extremely
valuable adjunct in the diagnosis of hematopoietic malignancies. Definitive
cytological diagnosis of relapse/recurrence of disease guides clinical
treatment of these patients, often obviating more invasive diagnostic
procedures.

References :

Surbone A, Longo DL, DeVita VT Jr, Ihde DC, Duffey P, Jaffe ES, Solomon D,

Hubbard SM, Young RC. Residual abdominal masses in aggressive non-Hodgkin's
lymphoma after combination chemotherapy: Significance and management.
J Clin Oncol 1988:6:1832-7.
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PI: D. Solomon
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S. Rosenberg
K. Condron

Chief, Cytopathology Section
Fellow
Chief
Microbiologist

LP NCI
SB NCI
SB NCI
LP NCI

COOPERATING UNITS (H any)

Surgery Branch, DCT

LAB/BRANCH

Laboratory of Pathology
SECTION

Cytopathology Section
INSTITUTE AND LOCATION

NCI, NIH, Bethesda, MP 20892
TOTAL MAN-YEARS:

0.50

PROFESSIONAL;

.25 '21.
CHECK APPROPRIATE BOX(ES)

D (a) Human subjects

n (a1) Minors

n (a2) Interviews

(b) Human tissues D (c) Neither

SUMMARY OF WORK (Use stanaani unreducea rype. Do not exceed the space provided.)

Clinical trials employing the adoptive transfer of expanded tumor infiltrating
lymphocytes to patients with metastatic disease are currently underway under the
direction of the Surgery Branch, NCI. Our collaborative effort in this project
involves immunocytochemical analysis of tumor cell suspensions to identify
(1) the percentage and phenotypic expression of subsets of tumor infiltrating
lymphocytes present in the tumor and (2) tumor markers, if any, which are
expressed by the tumor cells. Once the tumor infiltraing lymphocyte cultures
have been expanded and are to be harvested for patient therapy, we analyze the
material using routine cytologic preparations and immunocytochemistry to ensure
the cultures are free of tumor cells.
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Major Findings ;

One hundred ninety-eight tumor suspensions have been evaluated for tumor
associated antigens and for phenotypic analysis of tumor infiltrating lympho-
cytes including: melanomas, renal cell carcinomas and sarcomas.

One hundred sixty-five tumor infiltrating lymphocyte cultures have been
examined. In five cases, rare tumor cells were identified. One hundred sixty
cultures were free of detectable tumor cells. The majority of reactive lymphoid
cells from TIL cultures are Leu-4 positive.

Publications ;

Rosenberg SA, Packard BS, Aebersold PM, Solomon D, et al. Use of tumor-
infiltrating lymphocytes and interleukin-2 in the immunotherapy of patients
with metastatic melanoma. N Engl J Med 1988;319:1676-80.

Topalian SL, Solomon D, Rosenberg SA. Tumor-specific cytolysis by lymphocytes
infiltrating human melanomas. J Immunol (in press)
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OTHER: J. Smith Secretary LP NCI
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DCPC: CDC
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INSTITUTE AND LOCATION
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SUMMAHV OF WORK (Use standard unrsduced type. Do not axcaed the space provided.)

The cervical/vaginal Papanicolaou smear is arguably the most effective cancer
screening technique in general use today. However, the accuracy of cervical/
vaginal cytopathologic diagnosis has been subject to intense scrutiny and
criticism recently.

The Cytopathology Section has been instrumental in organizing three national
meetings in 1988 focusing on cervical/vaginal cytology. Two meetings held
jointly with the Centers for Disease Control in Atlanta addressed quality
assurance measures in cytopathology. The conclusions generated at these
meetings are assisting the Health Care Financing Administration in developing
and implementing national laboratory quality assurance regulations.

The third meeting consisted of a workshop organized and sponsored by DCPC
and DCBD, NCI to develop a uniform system of reporting cervical/vaginal
cytopathology. The Bethesda System for Reporting Cervical/Vaginal Cytopathology
Diagnoses which resulted from the workshop has received national and inter-
national attention. We anticipate that the Bethesda system will supplant
the obsolete Papanicolaou classification. Widespread implementation of the
Bethesda System will provide for effective communication between laboratories
and clinicians well as provide a meaningful data base for research into the
biology and epidemiology of cervical neoplasia.

224
PHS 6040 (Rev. 1/84). 5P0 9i4-»t«



ZOl CB 09176-01 LP

Publications ;

Solomon D. Introduction to the proceedings of the conference on the state of
the art in quality control measures for diagnostic cytology laboratories.
Acta Cytol (in press)

Solomon D, Wied GL. Cervicography: An assessment. J Reprod Med (in press)
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R. Chang
K. Condron
A. Wilder

Deputy Chief, Cytopathology Section

Staff Radiologist
Microbiologist
Biologist

LP NCI
SB NCI
DR CC

LP NCI
LP NCI

COOPERATING UNITS (il any)

Surgery Branch, DCT, NCI

L>^B/BRANCH

Laboratory of Pathology
SECTION

Cytopathology Section
INSTITUTE AND LOCATION

NCI, NIH, Bethesda, MP 20892
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PROFESSIONAL:

0.10 0.15
CHECK APPROPRIATE BOX(ES)

n (a) Human subjects

n (al) Minors

n (a2) Interviews

S (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

Studies to assess the effectiveness of combined recombinant IL-2 and anti-tumor
antibodies with and without lymphokine activated killer cells (LAK) in treating
metastatic cancer are currently underway. We are involved in protocols assess-
ing these therapies in patients with liver metastases from primary colorectal
carcinoma. Computed tomography-guided aspiration biopsy specimens are evaluated
by a trained cytotechnologist for adequacy in the radiology suite. The procured
specimen is then stained in our laboratory by immunocytochemistry with the anti-
bodies L6 and 17-lA. L6 is a murine monoclonal antibody raised against human
lung cancer that stains a carbohydrate antigen present on a variety of adeno-
carcinomas, including most colon cancers. Only scattered cells in normal
tissues appear to react with L6. 17-lA is a murine monoclonal antibody
generated against a colorectal cell line. Most colorectal cancers react with
17-lA. Some reactivity for 17-lA has been demonstrated in normal colon.
Patients are assigned to a protocol according to their immunocytochemical
staining pattern.
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Major Findings :

Since the first patient was evaluated on 10/26/88, 13 patients have been
evaluated for this study. With L6 antibody 2 cases yielded unsatisfactory
specimens. Of 11 evaluable cases, 8 (72%) showed positivity. For 17-lA, 2

cases were unsatisfactory. Of the 10 evaluable cases, all were positive. k
significant problem is obtaining sufficient viable material from metastatic
colon cancer. Immediate evaluation of material for adequacy in the radiology
suite has been helpful; however, unsatisfactory specimens are still obtained in
some cases. The biopsies are done as outpatient procedures and have been
associated with no clinical morbidity. It appears that fine needle aspiration
biopsy of metastatic liver lesions yields satisfactory specimens for immunocyto-
chemical characterization in many cases, minimizing morbidity to the patient
and cost of tissue procurement.
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PI: L- Elwood Deputy Chief, Cytopathology Section
OTHER: G. R. Harriman Medical Staff Fellow

K. Condron Microbiologist

LP NCI
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LP NCI

COOPERATING UNITS (if any)

Mucosal Immunity Section, NIAID

LAB/BRANCH

Laboratory of Pathology
SECTION

Cytopathology Section
INSTITUTE AND LOCATION

NCI, NIH, Bethesda. MD 2089?
TOTAL MAN-YEARS;

0.20

PROFESSIONAL;

n-Tn 0. 10
CHECK APPROPRIATE 80X(ES)

n (a) Human subjects

n (a1) Minors

D (a2) Interviews

n (b) Human tissues SI (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed tne space provided.)

The mechanisms involved in B-cell activation in the germinal center are poorly
understood. In an attempt to better define some of the factors involved,
studies in mice have been underway to characterize the B-cell-associated T-cells
in mouse Peyer's patches by flow cytometry and to isolate B-cell associated
stromal cells. In our laboratory, we are using frozen section immunohi«ro-
chemistry to localize the various T-cell subsets found by flow cytometry. For
this purpose, dual staining techniques have been utilized. Query stromal cells
obtained from tissue culture are being characterized by immunocytochemistry

.

228
PHS 6040 (Bev. 1/84) SPO 91 4-«IB



DEPAHTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl CB 09183-01 LP

PEnlOD COVERED
October 1, 1988 to September 30, 1989

TITLE OF PROJECT (30 cnaractars or less, ntla must tit on one Una tmrwean me Ooraars.)

MyoDl Gene and Protein Expression in Pediatric Tumors
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PI: M. Tsokos Chief, Ultrastructural Pathology Section LP NCI
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U.S. -Spanish Agreement, Grant No. CCA8309/058

LAa/BRANCH

Laboratory of Pathology

SECTION

Ultrastructural Pathology Section

INSTITUTE AND LOCATION

NCI, NIH, Bethesda, MD 20892

TOTAL MAN-YEARS; PROFESSIONAL:

3/4 1/4

CHECK APPROPRIATE BOX(ES)

n (a) Human subjects IS (b) Human tissues D (c) Neither

n (a1) Minors

D {a2) Interviews

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

A complementary DNA (cDNA) encoding for the mouse MyoDl protein was isolated

by Dr. A. Lasser and found to induce myogenesis in mesenchymal cells. Polyclonal

antisera (rabbit) to bacterial fusion proteins containing the MyoDl sequence

were raised and showed that MyoDl is a phosphoprotein present in the nuclei of

proliferating myoblasts and differentiated myotubes, but not in nonmuscle cell

types. The MyoDl protein was found to contain a domain (22 amino acid) with
marked similarity to a region in the myc-family proteins and to the predicted

protein products of transcription units in Drosophila which are involved in

neuronal determination and the development of nervous system.
Based on the above information about the homologies of the MyoDl protein

shared by primitive myoblasts and neural transcription units, and on the knowledge
that: (1) certain myogenous tissues (head and neck) originate embryologically
from the neural crest, and (2) certain tumors of childhood contain both primi-
tive neural and rhabdomyoblastic components (ectomesenchymoma, raedullomyoblast-

oma) , we will investigate the expression of the MyoDl gene and protein in the

RMS and PNET cell lines, to find out if the MyoDl gene can be expressed in tissues
not expressing a myogenous phenotype, but with the ability to do so. The study
will employ Northern and Western blot analysis of the MyoDl gene and protein
correspondingly, and immunofluorescence using the polyclonal antisera against
the MyoDl protein to detect cytologic localization of the protein. The plasmids
carrying the MyoDl gene and antisera will become available to us by Dr. A.

Lasser who has already been contacted and agreed to provide us with the material.
Moreover, the presence of the MyoDl protein and the expression of the MyoDl

gene in these RMS cell lines before and after treatment with differentiating
agents and TGF-b will be evaluated by immunofluorescence, Western blotting and

Northern blotting correspondingly, to find out whether the MyoDl gene and

product can serve as a marker of differentiation in RMS.
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P-glvcoprotein Expression in Pediatric Cell Tumors
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PI: C. Axiotis
OTHER: M. Tsokos

Cancer Expert
Chief, Ultrastructural Pathology Section

LP NCI
LP NCI

COOPERATING UNITS (it any)

LAB/BHANCH

Laboratory of Pathology
SECTION

Ultrastructural Pathology Section
INSTITUTE AND LOCATION

NCI. NTH. Bethesda. MP 20892
TOTAL MAN-YEARS: PROFESSIONAL:

.^/^ JdA.
CHECK APPROPRIATE BOX(ES)

D (a) Human subjects

n (a1) Minors

n (a2) Interviews

(b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

P-glycoprotein has been associated with a multidrug-resistant (MDR) phenotype

in a wide variety of animal and human tumor cell lines and clinical tumor

specimens. Pediatric tumors, however, have not been included in the studies

reported so far. Given the known cheraosensitivity of certain solid pediatric

tumors, such as Ewing's sarcoma, primitive neuroectodermal tumor and

rhabdomyosarcoma, to the point that all clinical trials use chemotherapy and

radiotherapy as primary methods of treatment, it is important to detect levels

of P-glycoprotein in these tumors before and after treatment.

Tissues from Ewing's sarcomas, primitive neuroectodermal tumors and rhabdomyo-
sarcomas are available from patients included in the clinical therapeutic
protocols in the Pediatric Oncology Branch of NIH. All these tumors are well
characterized and classified histologically by light and electron microscopy.
Moreover, tissues from primary sites before treatment and from metastatic sites

or sites of recurrence after treatment are available in many cases. All these
tissues will be evaluated for the presence of P-glycoprotein using a commercial-
ly available antibody against P-glycoprotein and employing a modified immuno-
peroxidase "sandwich" staining method (Chan et al.. Lab. Invest. 59: 870,
1988). The results of immunostaining for P-glycoprotein will be correlated
with clinical data of patient outcome and response to treatment.
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Flow Cytometric Analysis of Childhood Sarcomas
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Hyperdiploidy has been associated with an unfavorable histology (anaplastic)
in Wilms' tumor and with a better response to chemotherapy in unresectable
neuroblastoma. Moreover, DNA-aneuploidy was found in rhabdomyosarcoma (RMS),

in contrast to Ewing's sarcoma and primitive neuroectodermal tumor (PNET) in a

recent report using a limited number of tumors. The latter was suggested to be

an additional criterion in the differential diagnosis of childhood sarcomas.

We will analyze the cellular DNA content of 100 tumor samples including RMS,

PNET, and Ewing's sarcoma using histologic sections (10 or more per tumor

sample) from paraffin blocks. DNA histograms will be used to determine:

(1) the number of malignant stem lines in each sample; (2) the DNA index of the

stem line(s) (i.e., ratio of the modal Go/Gl channel for tumor cells versus that
of normal diploid cells) and (3) the percentages of tumor cells in S phase and
G2+M phase. The findings will be compared with the histology of the tumors and
the histologic subtypes in the case of RMS (embryonal vs. alveolar, and the

newly defined by us histologic subtype with aggressive clinical outcome, the

solid variant alveolar RMS). Given the fact that all patients were treated

homogeneously according to clinical protocols, meaningful comparisons between
DNA-ploidy and clinical outcome or response to treatment will be made as well.

The findings will help us draw conclusions as to a possible prognostic or
diagnostic role of flow cytometry in this group of pediatric sarcomas.
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The functions of thrombospondin in tumor cell adhesion and migration are being
investigated. We have identified two regions of the thrombospondin molecule
that mediate adhesive and migratory responses of cultured human melanoma cells
to thrombospondin. The carboxyl-terminal domain mediates attachment and
haptotaxis, while the amino-terrainal domain mediates cell spreading and chemo-
taxis. The cell receptors recognizing these two regions of thrombospondin are
under investigation. One class of receptors are sulfated glycoconj ugates which
bind to the amino-terrainal domain of thrombospondin. A minor heparan sulfate
proteoglycan that binds thrombospondin with high affinity was identified in
two melanoma cell lines and purified by affinity chromatography on thrombo-
spondin-Sepharose (Cancer Res. 48: 6875, 1988). Monoclonal antibodies to this
proteoglycan will be prepared and used to examine the function of this binding.
An unusual sulfated glycolipid present only in melanoma cell lines that spread
on thrombospondin was also found to bind thrombospondin (ibid.). This glyco-
lipid purified from peripheral nerve and a monoclonal antibody to the glycolipid
specifically inhibit melanoma cell spreading on thrombospondin but not on fibro-
nectin. To further define the mechanism of thrombospondin interactions with
tumor cells, receptors for the carboxyl-terminus of thrombospondin will be
characterized. The intracellular responses of cells to binding of thrombo-
spondin to the two types of receptors are also being investigated.
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Major Findings:

1) Sulfated glycoconjugates produced by human melanoma cell lines were identi-

fied by metabolic labeling with [ 35s ]-sulf ate and tested for binding to throrabo-

spondin. Heparan sulfate proteoglycans that bind thrombospondin were made by

both spreading and nonspreading cell lines. Thrombospondin bound with high

affinity to a minor heparan sulfate proteoglycan but not to the major chrondoitin

sulfate. The active heparan sulfate proteoglycan could be purified by affinity

chromatography on thrombospondin-agarose or hydrophobic interaction on octyl-

Sepharose. Binding required the amino terminus of TSP based on antibody and

proteolysis studies. [35s]-labeled glycolipids were also isolated from the

melanoma cell lines. Sulfated glucuronosylparagloboside was found in three

cell lines that spread on thrombospondin but was absent in a nonspreading line.

Thrombospondin bound to the isolated glycolipid and the glycolipid and an

antibody to this structure inhibited spreading on- thrombospondin but not on

fibronectin substrates. Thus, the presence of glycoconjugates with terminal

nonreducing glucuronosyl 3-sulfate correlates with melanoma cell spreading on

thrombospondin, whereas expression of heparan sulfate proteoglycans that bind

thrombospondin does not.

2) Cellular responses to binding of thrombospondin to the two classes of

receptors are being investigated. Changes in intracellular inositol phosphate

and cyclic AMP were observed following exposure of melanoma cell monolayers to

thrombospondin. Experiments are in progress to determine levels of these during

attachment of melanoma cells to thrombospondin substrates.

Publications ;

Roberts DD. Interactions of thrombospondin with sulfated glycolipids and

proteoglycans of human melanoma cells. Cancer Res 1988;48:6875-93.

Furukawa K, Roberts DD, Endo, T, Kobata A. Structural study of the sugar

chains of human platelet thrombospondin. Arch Biochem Biophys 1989;270:302-12.
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1) Mycoplasma pneumoniae : We have found that sulfated glycolipids and a2-3-
linked sialyl glycoproteins are two independent receptors for cytoadhesion of

M. pneumoniae and tht the former is present at high concentrations in human
trachea which is the primary site of infection. Monoclonal antibodies to the

pathogen will be used to define receptors for these, and the respective carbohy-
drates on affinity matrices will be used to purify their receptors. To date,
the extended specificity of the slalyloligosaccharide binding is only partially
defined. Additional oligosaccharides will be prepared and their structures
defined to complete this analysis. The ability of these carbohydrates to pro-
mote chemotaxis of M. pneumoniae will also be- tested.

2) Chlamydia trachomatis ; Several serotypes of Chlamydia were examined for
binding to glycolipids and glycoproteins. Three binding specificities were
identified from these studies. The elementary bodies bind specifically to
glycolipids containing GalNAc31-4GalB l-4Glc sequences, heparin or fucoidin
conjugated to albumin, and to the adhesive proteins fibronectin and laminin.
Inhibitors of each of these specificities will be used to determine the role of
each in infection of cultured cell monolayers.

3) Fungal pathogens : Carbohydrate binding specificity of £. albicans and
several other human dermatophytes will be examined.

,
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Major Findings :

Several purified glycoproteins including larainin, fetuin, and human chorionic

gonadotropin promote a dose-dependent and saturable adhesion of Mycoplasma

pneumoniae when adsorbed on plastic. Adhesion to the proteins is energy depend-

ent as no attachment occurs in media without glucose. Adhesion to all of the

proteins requires sialic acid, and only those proteins with a2-3-linked sialic

acid are active. The a-subunit of human chorionic gonadotropin also promotes

attachment, suggesting that a simple biantennary asparagine-linked oligosacchar-
ide is sufficient for binding. Soluble laminin and 3 '-sialyllactose but not 6'

sialyllactose inhibit attachment of M. pneumoniae to laminin. M. pneumoniae
also adhere to sulfatides adsorbed on plastic. Dextran sulfate, which inhibits
M. pneumoniae attachment on sulfatide, does not inhibit attachment on larainin

and 3 '-sialyllactose does not inhibit attachment on sulfatide, suggesting that

two distinct receptor specificities mediate binding to these two carbohydrate
receptors. Both 3 '-sialyllactose and dextran sulfate partially inhibit M.

pneumoniae adhesion to a human colon adenocarcinoma cell line (WiDr) at concen-

trations which completely inhibit binding to laminin or sulfatide, and in

combination they inhibit binding of M. pneumoniae to these cells by 90%. Thus,

both receptor specificities contribute to M. pneumoniae adhesion to cultured
human cells.

Publications :

Roberts DD, Olson LD, Barile MF, Ginsburg V, Krivan HC. Sialic acid-dependent
adhesion of Mycoplasma pneumoniae to purified glycoproteins. J Biol Chem
(in press)

Krivan HC, Olson LD, Barile MF, Ginsburg V, Roberts DD. Adhesion of Mycoplasma
pneumoniae to sulfated glycolipids and inhibition by dextran sulfate. J Biol
Chem (in press)
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SUMMARY OF WORK (Use stanaara unreduced type. Oo not exceed the space provided.)

We have found that sulfated glycolipids participate in tumor cell adhesion by
directly promoting adhesion (Cancer Res. 48: 3367, 1988) and as receptors for
thrombospondin on melanoma cells (Cancer Res. 48: 6785, 1988). Relatively few
of the glycolipids belonging to this class have been characterized. We are
purifying novel sulfated glycolipids from several sources including human kidney
and meconium and breast and small cell lung carcinoma cell lines. The struc-
tures of these glycolipids will be examined using chemical and immunological
approaches. Monoclonal antibodies to these will be used to examine the poten-
tial of these structures as tumor markers. To further characterize the effects
of sulfated glycolipids on tumor cell behavior, we are also examining the
intracellular responses following attachment of melanoma cells on sulfatide-
coated substrates.
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Major Findings :

A novel sulfated glycosphingolipid belonging to the globo series was isolated

from human kidney. The lipid was isolated from pooled kidney by chloroform/
methanol extraction, akali treatment, DEAE-Sephadex and silicic acid column
chromatography and preparative thin layer chromatography. Based on infrared and

two-dimensional proton magnetic resonance spectroscopy, negative secondary ion

mass spectroscopy, methylation analysis, and interaction with monoclonal anti-
bodies and sulf atide-binding proteins, the structure is proposed to be HSO3-
3GalBl-3GalNAc31-3Galal-4GalBl-4GlcBl-l ceramide. This glycolipid reacts with
a monoclonal antibody SSEA-3 on thin layer chromatograras and by radioimmunoassay
and binds -'^Ji-iabeled thrombospondin. The yield of glycolipid was 0.19 nmol/g
of kidney.

Publications :

Nagai K, Roberts DD, Toida T, Kushi Y, Handa S, Ishizuka I. Sulfated globo-
pentaosylceramide from human kidney. J Biol Chem (in press)
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Esophageal carcinoma is endemic in the Ho Nan Province in China. Characteri-
zation of antigens unique to these tumors would be useful for diagnosis of this

carcinoma. Glycolipids isolated from esophageal tissues obtained from 11 cancer
patients, 10 normal individual controls, and a cultured esophageal carcinoma
line were examined using several monoclonal antibodies. Several glycolipids
differ in amount between the tumor samples and normal controls. Both neutral
and sialylated glycolipids containing 3-fucosyllactosamine sequences differ
in expression between the tumor and control tissues and a heptaglycosylceramide
reacting with antibodies to this sequence is found only in the tumor tissues.

The same glycolipids are detected in the cultured cell line, confirming that

the tumor antigen is produced by the tumor and is not due to contamination by
infiltrating granulocytes.
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SUMMARY OF WORK (Use stanaani unreduced type. Do not exceed the space provided.)

The purification of melanoma autocrine motility factor (AMF) , a protein of con-
siderable significance in metastasis, has proceeded to a stage where AMF shows a
single band on silver stain-visualized gel electrophoresis. A series of
chromatographic steps resulted in the isolation of homogeneous material which
activity was completely inhibitable by the action of pertussis toxin (PT), The
material is being processed for N-terminal sequence determination. In mechanis-
tic studies, a membrane-containing fraction from melanoma cells contained a
substrate for the ADP-ribosylation reaction induced by PT. In the intact cell
nicotinamide partially reversed the inhibitory action of PT upon AMF-induced
cell motility. In membrane fractions AMF stimulated the formation of inositol
trisphosphate from exogenous phosphatidyl inositol diphosphate via a phospho-
lipase C reaction, supporting a role for this enzyme in signal transduction of
AMF-stimulated motility. In addition to AMF, the insulin peptides (IGFs) in-
duced motility in melanoma cells. A receptor for IGF-I was demonstrated in
these cells with the aid of a specific antibody. Other tumor cells, including
carcinomas responded to the IGFs which also induced mitogenesis in some cell
lines. In IGF-I-stiraulated cells, glycolysis was shown to be the principal
source of energy for motility. The melanoma cells could adhere and migrate
to extracellular matrix components such as type IV collagen and laminin. Chemo-
taxis but not adherence to these agents was inhibited by PT, suggesting differ-
ent receptors and transduction pathways for each response. In a clinical study
the AMF contents of bladder cancer patient urines were correlated wi'th the
severity of disease, results promising for non-invasive adjunctive diagnosis
of this cancer.
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Major Findings ;

A) Melanoma Cells

I) Autocrine Motility Factor

1) Purification of autocrine motility factor (AMF)

We have progressed in the purification of AMF from concentrated conditioned
media of A2058 human melanoma cells. A 200-liter volume of the media was
concentrated 500-fold with an Amicon filter that retained molecules with an Mr

>^ 30 KD. After washing to remove dialysable materials, the concentrate was
chromatographed on a phenylsepharose hydrophobic interaction column using a

reversed ammonium sulfate gradient in the presence of 30% ethylene glycol.
After bioassay of the fractions from this procedure, the active material was
applied to an anion exchange column using a salt gradient in ethylene glycol. A
final anion exchange procedure with active material from the previous separation
resulted in a preparation that after electrophoresis under non-reducing con-
ditions gave a single band upon silver staining. The estimated Mr range was
56-60 KD. When run under reducing conditions, the material migrated as a doub-
let or triplet with an Mr range of 62-68 KD. Variable glycosylation of the
protein might account for these observations. The AMF activity at this stage of
purification was completely inhibited by pertussis toxin. This property is
characteristic of the cytokine throughout the isolation procedure.

2) Signal transduction: mechanism of action of AMF

We have previously shown that AMF stimulated an increase in the formation
of inositol-tris-phosphate (IP3) in human melanoma cells. This compound is
believed to be a critical agent for mobilizing intracellular Ca+"'", which in turn
is likely to play a role in the activation of the cytoskeleton and a subsequent
motile response. Recently, we have prepared membrane-containing fractions of
melanoma cells. This preparation was shown to contain a substrate for ADP-
ribosylation in the presence of pertussis toxin (PT). Previously, PT was shown
to inhibit markedly AMF-stimulated motility in melanoma cells. We also observed
that in whole cells pretreated with PT, the continuous presence of either nico-
tinamide or N-methyl nicotinamide (50 raM) , the PT effect was partially inhibit-
ed. This effect was probably the result of 'product inhibition' of the ADP-
ribosylation reaction and underscores the action of PT in inhibiting the media-
tion of motility by a G-protein. We also showed that in the membrane prepara-
tion, AMF stimulated a phospholipase C-specific hydrolysis of (^H) phosphatidyl
inositol diphosphate to yield (%) IP^.

II) Other Agents Stimulating Motility

a) Insulin-like growth factors

(1) The IGF-I receptor as a mediator of motility

We have previously demonstrated that insulin peptides stimulated chemotaxis
in human melanoma cells. The order of efficacies was: insulin-like growth
factor-I (IGF-1) > insulin-like growth factor 2 (IGF-II) > insulin. Evidence
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was presented for a high affinity IGF-I receptor (Kd ~ lO"-'-'^) with about 5000

receptors per cell. The peptide-stimulated chemotaxis was not inhibited by

pertussis toxin. We have now found that the antibody to the IGF-I receptor, alR-

3, inhibited both the binding of ^^^1-lGF-l to the melanoma cells and the motile
response of those cells to IGF-I. However, the antibody did not inhibit AMF-
stimulated motility. Cross-linking of l^Sj-jQp-]; ^q the cells yielded a protein

that migrated with an Mr ~ 130 KD on SDS-PAGE, corresponding to authentic IGF-I

receptor. Mixtures of IGF-I and AMF produced a motility response that was

greater than that stimulated by either agent alone. The results suggested that

IGFs and AMF act through different receptors and signal transducer mechanisms.
The metastatic capacity of the cell would appear to be enhanced by its ability
to respond to multiple raotility-inducing stimuli acting through different
effector pathways.

(2) Stimulation of energy mobilization by IGF-I

We have found that IGF-I stimulated metabolism of glucose in melanoma cells

at peptide concentrations that elicited a strong motility response. This re-

sponse depends upon the level of glucose in the media. At optimal levels of

glucose, the stimulated metabolism of labelled glucose was through glycolysis.

At low levels or in glucose-free media, the motile response was diminished by

65% and glucose metabolism was shifted toward the tricarboxylic acid cycle. Un-

der these conditions, motility was markedly reduced by oligomycin, an inhibitor
of mitochondrial respiration. On the other hand, at levels of glucose optimal
for motility, oxamate, an inhibitor of glycolysis, markedly depressed stimulated
motility, while oligomycin had no effect on cell migration. The results indi-

cate that a highly malignant tumor cell depends upon glycolytic sources of ener-

gy for motility. However, in a glucose-deficient environment, the cell can
shift to the tricarboxylic acid cycle for energy in generating a motile re-

sponse.

II b) Extracellular matrix components (ECM)

ECM components have previously been shown to play roles in the adherence
of tumor cells to biological barriers such as basement membranes. The effects
of both the soluble and insolubilized matrix components upon cell motility and
attachment was studied respectively for type IV collagen (IV), laminin (LAM)
and fibronectin (FN). Attachment was observed as 'haptotaxis' , the movement of

cells onto a bound attractant. The chemotactic responses (soluble attractant)
of melanoma cells to IV and LAM were substantial and were inhibited by pretreat-
ment of the cells with pertussis toxin (PT). On the other hand, the haptotactic
responses to these ligands were not inhibited by PT. Neither the chemotactic
nor the haptotactic response to FN, however, was affected by PT. The peptide
GRGDS, known to simulate a binding site on FN, inhibited both the chemotactic
and haptotactic responses to FN but had no effect upon these responses to IV or
LAM. These findings indicate that the receptor for FN is distinct from those
for IV and LAM and that for the latter two ECM components, chemotaxis and
haptotaxis may be induced through separate transduction mechanisms. Also, for
a given ECM component, the differential response to a haptotactically or
chemotactically presented stimulus could be exercised through separate
domains of the molecule acting upon the same or different receptors. Such

241



ZOl CB 00891-06 LP

putative domains might exist separately in enzymatically produced fragments of

the ECM and play a role in the cell's traversing basement membranes.

II c) Antibodies to melanoma receptors

A project has been initiated to obtain antibodies to receptors to ligands
which stimulate motility and adherence in melanoma cells. The procedure in-

volves the injection of intact human melanoma cells (A2058) into mice and,

after an interval, isolating splenic lymphocytes from these immunogenically
challenged animals. The cells were then fused with myeloma cells in a typical
hybridoma generation procedure. Cloning procedures yielded colonies whose
media were chromatographically processed to obtain IgG monoclonal components.
A number of these were tested for their effects upon A2058 motility responses
to AMF, LAM, and IV collagen. Of 13 clones tested, one appeared to be quite
promising, having a strong inhibitory effect against IV-stimulated motility.
LAM-stimulated motility was inhibited to a lesser extent, as was the AMF-induced
response. In general, the effective dilution range for a given antibody effect
was narrow. Plans to obtain antibodies of higher titre include a recloning of

the promising preparations. Growing the hybridomas in the mouse peritoneal
cavity should enhance the yield of monoclonal antibodies (mAbs). Ouchterlony
analysis will be used to determine the subclass of IgG for the mAbs. Eventual-
ly, the use of high titre mAbs would be used for isolation of membrane
receptors. Cells labelled with 125]; or •'-^C-leucine could be fractionated to
obtain membrane fragments from which putative receptors would be extracted and
then subjected to immunoprecipitation procedures with the mAbs.

B) Other Cells Responding to Various Ligands

I) Stimulation of Motility and Mitogenesis in Tumor Cells by Insulin Pep-

tides

The migration and mitogenic responses to the insulin peptides were examined
in a number of neoplastic cells. Insulin (Ins) (100 nM) was found to induce
motility in the carcinoma cell lines: MDA-231 (breast), T24 A & B (bladder),
and OVCAR-3 (ovarian). The extents of the responses were about 50% of that
induced by AMF (melanoma). However, a response equivalent to that induced by
AMF was caused by Ins in the 5R line (RAS, rat embryo fibroblast). Ins in these
cells proiduced both chemokinetic (CK) and chemotactic (CT) responses. Insulin-
like growth factor I (IGF-I) also stimulated responses in cells that were less
than 40% of the AMF-induced responses. IGF-II induced a maximal response in
the carcinoma lines that was equivalent to the AMF-induced responses. AMF
stimulated pertussis-toxin (PT) inhibitable responses in all lines except in
OVCAR. PT did not inhibit insulin peptide-stimulated motility in any cell line
tested. IGF-I and II were mitogenic for the 5R and A2058 (human melanoma)
lines but not for the carcinoma lines. The insulin peptides, secreted by a
variety of normal tissues and certain tumors, may be important homing and
mitogenic agents for tumor cells during the metastatic cascade.
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II) Identification of an AMF from 3T3 RAS Cells

Metastatic 3T3 RAS cells have been found to produce an AMF that had an estimated
Mr ~ 100 KD from gel filtration data. The material appears to be a protein

that is inactivated by heating above 60°C. The active material was partially
purified by the following sequence of steps: amicon filtration with a filter
that retained molecules > 30 KD; DEAE anion exchange chromatography; and gel
electrophoresis under non-denaturing conditions. The new AMF induced motility
in both 3T3 and A2058 cells, as well as in the producer cells. In contradis-
tinction to the A2058 AMF, these responses were not inhibited by PT. Based
upon its physical properties, stability to heating, and the lack of PT sensi-
tivity of its stimulated response in cells, the 3T3 RAS-derived AMF is distinct
from the melanoma cell AMF. These findings emphasize the versatility of meta-
static cells in having at their disposal a variety of receptors and transducer
pathways to generate a motile response. These characteristics could well
enhance metastatic potential of tumor cells.

C) Applications of Autocrine Motility Studies

We have utilized the motility assay to detect the presence of AMF in the urine
of bladder cancer patients. In a comparison of the processed 24 hr urine
samples of 22 transitional bladder cell carcinoma patients (TCC) with those
from 27 patients with non-malignant diagnoses, it was found that significantly
higher values of AMF were present in the TCC patient urine samples than in the

urines from non-malignant cases. In follow-up screening studies evaluating TCC
recurrence, the urine from patients with recurring tumors had significantly
higher motility stimulating activity for the responder cells than did the
urines from tumor-free patients. In addition, an ELISA procedure confirmed the
motility assays. We also found that a cultured line of bladder cancer cells,
T24P, produced a strong motility response to its own conditioned media. This
result is consistent with the source of urinary AMF as a bladder tumor
itself. We suggest that measurement of urinary AMF may be a reliable diagnostic
marker for bladder cancer.

Publications ;

Guirguis R, Schiffmann E, Liu B, Birkbeck D, Engel J, Liotta L. Detection of

autocrine motility factor(s) in urine as markers of bladder cancer. J Natl
Cancer Inst 1988;80:1203-1.

Stracke ML, Kohn EC, Aznavoorian SA, Wilson LL, Salomon D, Krutzsch HC, Liotta
LA, Schiffmann E. Insulin-like growth factors stimulate chemotaxis in human
melanoma cells. Biochem Biophys Res Commun 1988;153:1076-3.

Liotta LA, Schiffmann E. Tumour motility factors. In: Hart I, ed. Cancer
surveys - advances & prospects in clinical, epidemiological and laboratory
oncology, vol. 7, No. 4. London: Oxford Univ. Press, 1988;631-52.
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The molecular biology of tumor metastasis has been investigated. The NM23 gene
was identified on the basis of its consistent down regulation in high metastatic
potential tumor cells in four rodent experimental systems, as compared to re-
lated low- or nonmetastic counterparts. NM23 RNA levels were also decreased in
human infiltrating ductal breast carcinomas with histopathological evidence of

high metastatic potential. The NM23 gene represents the first non-immuno-
logically related gene associated with low tumor metastatic potential. It is

of potential diagnostic and therapeutic importance.

A 17 kDa NM23 gene product has been identified, based on the DNA sequence of a

murine pNM23-l cDNA clone, hybrid selection experiments and Western blots using
affinity purified rabbit antisera to two predicted NM23 peptides. NM23 protein
levels were down-regulated in high metastatic potential K-17 35 TK cells compared
to related, low metastatic potential K-1735 clone 19 cells. NM23 protein is
found in both nuclear and cytoplasmic subcellular fractions. The predicted
NM23 protein sequence is 95% homologous to a Drosophila gene, awd , which is
critical to normal development.

A human NM23 cDNA clone has been identified, sequenced, and subcloned into bac-
terial expression vectors. Recombinant protein is being used to prepare mono-
clonal antibodies.

Preliminary transfection experiments suggest that addition of NM23 and a SV40
early promoter to high metastatic potential murine K-1735 melanoma cells may
reduce primary tumor size and the development of pulmonary metastases. Further
confirmatory experiments are necessary before a final conclusion can be drawn on
the anti-metastatic activity of the NM23 gene.
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Major Findings :

The NM23 gene was identified by differential colony hybridization using RNA from
related low and high metastatic potential murine melanoma cell lines as probes.
NM23 RNA levels have been determined in four rodent metastasis model systems:

(1) murine K-1735 melanoma cell lines, in which the gene was identified; (2) rat

nitrosomethylurea-induced mammary tumors; (3) mouse mammary tumors induced by two
strains of mouse mammary tumor virus; (4) rat embryo fibroblasts transfected with
c-Ha-ras or cotransf ected with ras + adenovirus 2 Ela . In each case, non- or
low metastatic tumor cells contained higher NM23 RNA levels than did related,
high metastatic tumor cells. In addition, low NM23 RNA levels were observed in
human primary infiltrating ductal carcinomas from patients with lymph node
metastases, as well as a proportion (25%) of carcinomas from patients without
evidence of metastasis at surgery. The NM23 gene is therefore differentially
expressed in a human cancer, and may be of diagnostic importance. The NM23 gene
represents the first non-immunologically related tumor cell gene identified
which is associated with low metastatic potential. It is a candidate for a gene
that suppresses the malignant phenotype.

Identification and Characterization of a NM23 Gene Product

The DNA sequence of a murine pNM23-l cDNA clone was previously identified. The
sequence contains a single open reading frame extending to its 5' terminus, and
four methionines, one of which is surrounded by an optimal translation initia-
tion sequence. The DNA sequence from this putative initiating methionine to
contiguous double stop codons would encode a 17 kDa protein. Hybrid selection
experiments using the pNM23-l cDNA insert and murine K-1735 clone 19 RNA indi-
cate two gene products of 17 and 19 kDa, the former in agreement with the DNA
sequence data. Peptides corresponding to three regions of the pNM23-l predicted
sequence were synthesized, and affinity purified rabbit antisera prepared to

them: peptide 10 corresponds to the predicted N terminus of the 17 kDa NM23
protein; peptide 11 includes a hydrophilic segment of the predicted protein;
and peptide 65 corresponds to the predicted 5' untranslated region. Antibodies
to peptides 10 and 11 recognized a 17 kDa in lysates of murine K-1735 melanoma
clone 19 cells on Western blots, in agreement with DNA sequence and hybrid
selection data. The 17 kDa band was specific, in that a molar excess of peptide
inhibited the antibody-antigen reaction, and an affinity purified antibody to a
peptide unrelated to NM23 did not identify this band. Anti-peptide 65 antibody,
while recognizing a BSA-peptide 65 complex, did not identify a protein band
from clone 19 lysates, confirming the predicted initiating methionine in the
pNM23-l sequence. Thus, affinity purified anti-peptide antibodies have been
generated to one of two NM23 gene products.

We have determined that NM23 protein levels are also differentially expressed
with tumor metastatic potential in the murine K-1735 melanoma system. Low
metastatic potential clone 19 cells contained significantly greater 17 kDa NM23
proteins on Western blots than the related, high metastatic potential K-1735
TK cell line. Current efforts are aimed at investigating NM23 protein levels in
human tumors and tumor cell lines.

The predicted pNM23-l DNA sequence contained three leucines in the arrangement
of a leucine zipper, with a 5' basic amino acid region, suggesting that the NM23
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protein may be regulatory. While leucine zippers of this size have not yet been

confirmed, mutation analysis indicates that three leucine zippers in other

regulatory proteins were functional. In support of this possibility, NM23

protein has been localized to both the nuclear and cytoplasmic subcellular frac-

tions.

Using a Swiss protein database search, the 17 kDa NM23 protein has been shown to

be 95% homologous to a recently identified Drosophila developmental gene,

abnormal wing disk (awd). Mutant forms of awd are characterized by a reduction

in awd RNA and a 17 kDa protein, in agreement with NM23 data in metastasis, and

gross developmental changes similar in nature to metastasis: Altered cell

morphology in the imaginal wing disks and lack of differentiation in the wings,

eyes, ovaries, antennae and brain. The NM23 protein is highly conserved in

evolution, and may have a critical role in normal development.

Human NM23 Gene

In a previous year a human NM23 cDNA clone was identified in collaboration with

Molecular Oncology, Incorporated. The DNA sequence has been determined, and the

predicted amino acid sequence is 94% identical to the murine 17 kDa NM23 pro-

tein. The cDNA insert has been subcloned into a bacterial expression vector,

and the recombinant protein is being used to develop monoclonal antibodies to

NM23 proteins.

A second, distinct human cDNA clone cross hybridizing to the pNM23-l clone has

also been isolated, and is currently being characterized.

Function of the NM23 Gene

In preliminary experiments high metastatic potential, murine K-17 35 melanoma TK

cells were transfected with pNM23-l and pRSVneo or as a control, pRSVneo. Five

randomly selected neomycin resistant lines from the pNM23-l and pRSVneo

(experimental) and pRSVneo (control) plates were selected and characterized.

An additional weak band of NM23 RNA was present in the experimental lines. When

injected into mice intravenously in two experiments, the experimental lines

produced 67 and 22% fewer pulmonary metastases than the control lines. Upon

subcutaneous injection (n = 1), the experimental lines formed smaller primary

tumors and 70% fewer metastases than the control lines. These data suggest that

the NM23 gene may have suppressor activity for primary tumor formation and/or
metastasis. Considerable additional testing is required to confirm these

preliminary results. Current efforts are directed towards the development of a

better pNM23 construct, in the hope of obtaining higher expression of the trans-

fected gene. Also, an improved control construct, containing the SV40 eai^ly

promoter but not the NM23 insert, has been developed and will be tested.
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Siegal GP, Liotta LA, Sobel ME, Steeg PS. A novel method for selection of

invasive tumor cells. Derivation and characterization of highly metastatic
K-1735 melanoma cell lines based on J^ vitro and ^^ vivo invasive capacity.
Clin Exp Metast 1988;6:301-18.

Steeg PS, Bevilacqua G, Kopper L, Thorgeirsson UP, Talmadge JE, Liotta LA,
Sobel ME. Evidence for a novel gene associated with low tumor metastatic
potential. J Natl Cancer Inst 1988;80:200-3.

Steeg PS, Bevilacqua G, Pozzatti R, Liotta LA, Sobel ME. Expression of NM23, a

gene associated with low tumor metastatic potential, is increased during adeno-
virus 2 Ela inhibition of experimental metastasis. Cancer Res 1988;48: 6550-4.

Steeg PS, Bevilacqua G, Rosengard A, Sobel ME, Cioce V, Liotta LA. Altered gene
expression in tumor metastasis: The NM23 gene. In: Schirrmacher V, Schwartz-
Albiez R, eds. Cancer metastasis. Molecular and cellular biology, host immune
responses and perspectives for treatment. Heidelberg: Springer-Verlag.
(in press)

Steeg PS. The search for metastasis suppressor genes. Invasion and Metastasis
(special volume). (in press)
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Activated ras oncogene transfection into suitable recipient cells has been shown

to induce the metastatic phenotype. However, when the cooperating oncogene Ela

was used in conjunction with ras'^, metastasis was only rarely seen. We have used

this model system to study the correlation of basement membrane collagenolysis

with metastatic propensity. The c-Ha-ras oncogene alone, or combined with v-myc,

transfected into early passage rat embryo fibroblasts, induce these cells to

secrete high levels of type IV collagenolytic raetalloproteinase and to concomi-

tantly exhibit a high incidence of spontaneous metastases in nude mice. Co-

transfection of c-Ha-ras plus the adenovirus type 2 Ela gene yields cells which
are highly tumorigenic but nonmetastatic and fail to produce type IV collagenase.
Regulation of type IV collagenase levels can occur by at least two mechanisms:
1) transcriptional regulation; 2) secretion of the active versus the latent
enzyme. A specific region of the enzyme has been identified which controls the

active versus the latent state. Mutations in this region could cause the enzyme
to be secreted in a constitutively active state.
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Major Findings :

We have found Chat the ras^ oncogene (either the viral oncogene from the Harvey

sarcoma virus or the T24 bladder carcinoma oncogene) when used to transform

NIH-3T3 cells, rat embryo fibroblasts, human bronchial epithelial, or human

breast carcinoma, results in both turaorigenic and metastatic cells.

Cotransfection of ras + Ela results in suppression of collagenase IV expression.

We have obtained a type IV collagenase clone encoding the 5' upstream sequence

of the type IV collagenase gene. The induction of type IV collagenase mRNA in

ras-transfected fibroblasts is likely to be mediated by positive or negative
trans-acting proteins, each recognizing particular cis elements.

A long-range exonuclease will be employed to define the sites of specific protein

DNA interactions in the vicinity of the type IV collagenase promoter. With this

assay, fragments of DNA up to several kilobase pairs in length are labeled,
incubated with non-specific competitor and extracts of appropriate cells (in

this instance ras-plus and ras-minus fibroblasts); the desired complexes are

highly enriched by immunologic precipitation of a specifically bound tag, a lac

repressor beta galactosidase fusion protein. The recovered complexes will be

degraded with T7-gene-6-exonuclease and the digested products displayed by

denaturing electrophoresis. If the binding of a nuclear protein is directly
modulated by ras , or repressed by Ela , this assay has a high potential of identi-
fying the locus of its action. By transfection of a chimaeric gene composed of

a reporter, such as chloramphenicol acetyl transferase, fused to type IV

collagenase upstream and promoter sequences with specifically ablated binding
sites, the identification of a responsive element could be confirmed. The

identification of the transcription factors common to the expression of type IV

collagenase and other proteins expressed by invasive cells could define central
regulators of metastasis.

We have identified an amino acid sequence PRCGVPDV which contains an unpaired
cysteine residue and regulates the active versus the latent state of type IV
collagenase. A mutation in this sequence (particularly the cysteine) would
result in an intrinsically activated enzyme. Furthermore, the mutation would
only have to occur on one allele because the active enzyme dominates the latent
enzyme. PCR will therefore be used to study the frequency of a mutation in

this intrinsic suppressor sequence in human carcinomas during progression.

Publications :

Liotta LA. H-ras and the metastatic phenotype. (Editorial) J Natl Cancer
Inst 1988;80:468.

Hoyhtya M, Turpeenniemi-Huj anen T, Stetler-Stevenson W, Krutzsch H, Tryggvason
K, Liotta LA. Monoclonal antibodies to type IV collagenase recognize a protein
with limited sequence homology to interstitial collagenase and stromelysin.
FEES Lett 1988;233:109-3.
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Chem 1989;264:1353-6.
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(in press)
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(in press)
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

Laminin, a major glycoprotein of basement membranes, exhibits saturable binding
to the surface of certain neoplastic and normal cells. Examination of various
cell types (e.g., human pancreatic carcinoma, melanoma, bladder carcinoma,
colon carcinoma) via live cell binding techniques indicates the number of

receptors to be 50,000-110,000 per cell depending on cell type. In our
laboratory, the laminin receptor has been isolated from human breast carcinoma
cells and tissue, and mouse and human melanoma cells. The receptor and subse-
quent ligand binding have been implicated to play an important role in tumor
ceil attachment, one of the steps in tumor invasion and metastasis. With the
isolation and characterization of a cDNA clone for the human and murine laminin
receptors, we have predicted the complete sequence of the laminin receptor, and
have developed anti-laminin receptor synthetic peptide antibodies as well as
cDNA restriction fragments which are being used to assess the cell surface
expression of the laminin receptor as well as laminin receptor mRNA levels in
different neoplastic cell types. The proposed study is designed to measure and
correlate laminin receptor cell surface expression and mRNA levels with clinical
information. Preliminary studies indicate a significant increase in laminin
receptor expression in malignant versus benign breast tissues. These findings
suggest a site for possible intervention in the sequence of tumor invasion and
metastasis.
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Major Findings :

The goal of this project is to correlate latninin receptor cell surface expres-
sion and mRNA levels with clinical information. Clinical data on each case

includes estrogen and progesterone receptor content, histologic grade, clinical
stage including lymph node status, breast quadrant location of primary tumor

and pre-versus post-menopausal status. Laminin receptor expression is evaluated
by immunologic and hybridization techniques.

We have concentrated our efforts on obtaining specific antibodies to the human
laminin receptor which can be used to assess cell surface laminin receptor
expression. We synthesized twelve different synthetic peptides derived from
the laminin receptor cDNA clone, and immunized rabbits. The anti-laminin
receptor synthetic peptides were af f initypurif ied and their specificity was
tested by indirect ELISA. Using indirect immunoperoxidase methods, we have
developed excellent specific staining for the laminin receptor on breast tissue
specimens. In addition, indirect immunofluorescence methods have been developed
to study isolated breast carcinoma cells. Qualitative assessment of the stain-
ing intensity as a means to determine relative amounts of the protein in various
tissues and cells revealed intense staining for the laminin receptor in invading
breast carcinoma cells. In in vitro model systems, laminin receptor content as

measured by these assays was higher in poorly differentiated MDA-MB 231 breast
tumor cells which were negative for steroid hormone receptors than in steroid-
responsive T47D cells.

In addition, we have determined that in breast carcinomas, the levels of laminin
receptor mRNA as assayed by RNA blot hybridization are directly correlated with
laminin receptor cell surface expression. For example, the levels of laminin
receptor mRNA are higher in steroid hormone-negative MDA-MB 231 breast carcinoma
cells than in T47D human breast carcinoma cells which contain estrogen and
progesterone receptors. We have initiated a study in which total cellular RNA
is extracted from cases of breast carcinoma, and the levels of laminin receptor
mRNA are being measured in tumor versus normal breast tissue. We are developing
an _in situ laminin receptor hybridization assay to determine laminin receptor
mRNA levels in individual cells of breast tumors. This method will be particu-
larly applicable for determination of the heterogeneity of receptor expression
within the cells of a tumor, as well as in situations where tissue sample is

limited in quantity. We have succeeded in subcloning a restriction fragment of
the human laminin receptor into a riboprobe vector and have obtained antisense
and sense (negative control) probes to measure in situ mRNA levels.
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed f/i» space provided.)

The Interaction of the tumor cell with its extracellular matrix may play an
important role in determining its metastatic and invasive properties. To better
understand the protein components that make up the extracellular matrix, their
regulation, and how they interact with the tumor cell, we have undertaken to
construct, isolate, and characterize molecular clones of laminin and laminin
receptor. Laminin is a high molecular weight glycoprotein specifically asso-
ciated with basement membranes. The laminin receptor is a cell surface protein
to which laminin specifically binds with high affinity. We have previously
isolated cDNA clones of the human and murine laminin receptor, and have pre-
dicted the entire primary structure of the receptor in both species. The nas-
cent laminin receptor predicted from the cloning experiments has an apparent
molecular mass of 37 kilodaltons, while the mature laminin receptor on cell
surfaces has an apparent molecular mass of 67 kilodaltons. Antibodies to
synthetic peptides deduced from the cDNA clones have been uaed to study the
biosynthesis of the receptor. A precursor-product relationship between the
cDNA-predicted nascent protein and the mature 67 kilodalton polypeptide was
established. The level of laminin receptor mRNA in steroid hormone-responsive
breast carcinoma cells was found to be modulated by estrogen and progesterone.
Multiple genes for the laminin receptor have been detected in both mouse and
human. At least some of these genes are pseudogenes; the transcripts of the
pseudogenes are very minor components of the total cellular laminin receptor
mRNA. We have established a correlation between total cellular laminin re-
ceptor mRNA, translatable laminin receptor mRNA, and the number of cell surface
laminin receptors in breast carcinoma cells.
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Major Findings :

Regulated expression of the laminin receptor . The effects of estradiol and two

synthetic progestins on the expression of the laminin receptor in two human

breast carcinoma cell lines were examined. The T47D cell line contains estrogen

and progesterone receptors, while the MDA-MB 231 cell line lacks both of these

receptors. Treatment of T47D cells with estradiol alone resulted in a several-

fold increase in the steady-state level of laminin receptor mRNA as well as in

cell surface laminin receptor expression. A more dramatic increase of mRNA and

cell surface expression in T47D cells was observed after treatment with

estradiol plus progestin, or with progestin alone. Estradiol treatment also

increased cheraotaxis and haptotaxis of T47D cells to laminin, but had no effect

on the attachment of these cells to laminin. Progesterone treatment had the

converse effect on chemotaxis and attachment of T47D cells. These results
suggest that the various cell-laminin interactions are mediated by different
mechanisms, and that laminin receptor levels are a necessary but not the sole

determinant of laminin-related cell behavior. There were no effects of estra-
diol or progesterone on the receptor-negative MDA-MB 231 cells, however the

latter cells had greater levels of laminin receptor mRNA under all tested cond-
itions than did the T47D cells. The augmentation of laminin receptor mRNA by

estrogen and progesterone treatment in hormone receptor-positive cells, but not

in cells that lack these receptors, and the increased levels of laminin receptor
mRNA in the steroid receptor-negative cells under all tested conditions, may
relate functionally to the difference in the clinical aggressiveness between
classes of breast cancers.

Anti-laminin receptor synthetic peptide antibodies . The complete cDNA sequence
of the laminin receptor clone was determined. Computer analysis predicted a

putative, short transmembrane domain, with the amino terminus of the protein in

the cytoplasmic space, and the carboxy-terminal two thirds of the receptor in

the extracellular domain. Twelve different regions of the cDNA-predicted
sequence were selected, and synthetic peptides were synthesized. Rabbits were
immunized with the synthetic peptides, and antibodies were affinity-purified.
These antibodies are being used in a variety of studies, including mapping
cytoplasmic versus extracellular domains of the receptor by immunofluorescence,
immunoprecipitation of the receptor from cells, determination of the biosynthe-
sis of the receptor (see below), as well as the development of an ELISA for
determination of laminin receptor in cells.

Biosynthesis of the laminin receptor . A full-length cDNA clone of the laminin
receptor predicts a molecular mass of 33 kilodaltons. The nascent protein
synthesized by a rabbit reticulocyte cell-free translation system from
selectively-hybridized laminin receptor mRNA has an apparent molecular mass on
SDS-polyacrylamide gels of 37 kilodaltons. The relationship between the 37

kilodalton nascent protein and the mature 67 kilodalton cell surface laminin
receptor was studied using affinity-purified antibodies directed against syn-
thetic peptides predicted by the laminin receptor cDNA sequence. On immunoblots
of human melanoma cell extracts, antibodies to specific domains of the receptor
recognize either a 67 kilodalton polypeptide, a 37 kilodalton polypeptide, or
both proteins. In [-^^S] methionine pulse-chase experiments, anti-laminin re-
ceptor synthetic peptide antibodies immunoprecipitated a 37 kilodalton protein
which was chased into a 67 kilodalton polypeptide within 30 minutes. These
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results demonstrate that the 37 kilodalton nascent protein predicted by the

laminin receptor cDNA is the precursor for the 67 kilodalton cell surface

metastasis-associated laminin receptor.

Translatable levels of laminin receptor mRNA . We have previously determined

that laminin receptor mRNA in the tumor cell is a rate-limiting control step in

the biosynthesis of the receptor, and hence in the regulation of cellular
attachment to basement membranes via laminin. We have extended these findings

by correlating the total cellular laminin receptor mRNA (as determined by RNA

blot hybridization analysis) with the amount of translatable laminin receptor

mRNA in human breast carcinoma cells. Total cellular RNAs from two subclones of

the metastatic MCF7 breast carcinoma cell line, one with high levels of laminin
receptor mRNA, and one with low levels of the receptor, were selectively-
hybridized to laminin receptor cDNA restriction fragments, and the pure hy-

bridized laminin receptor mRNA was assayed in a cell-free translation system.

The amount of translated laminin receptor nascent (37 kilodalton) protein from

each cell line correlated with the relative amounts of hybridizable laminin
receptor on RNA blots, as well as with immunofluorescence staining of the

laminin receptor on the cell surfaces and with Scatchard analysis of the laminin
binding sites on these cells. These studies suggest that in breast carcinomas,

the amount of hybridizable laminin receptor mRNA is an excellent indicator of

the total expression of cell surface laminin receptor.

Multiple genes for the human laminin receptor . Using genomic DNA hybridization
blots, we have previously predicted that there are multiple laminin receptor
genes in the human and mouse genomes. Several cDNA clones have been isolated
by cross-hybridization which have alternate sequences. These so-called pseudo-
gene transcripts are being completely sequenced. They may contain unspliced
intron sequences due to mutations at the joints of the intron-exon boundaries
in the pseudogene DNA sequence. To assess the contribution of pseudogene
transcripts to the total cellular hybridizable laminin receptor mRNA, we
developed synthetic oligonucleotides specific for pseudo versus authentic
laminin receptor mRNAs , and assessed the relative levels of pseudo and authentic
laminin receptor mRNAs on RNA blots. The pseudo mRNA sequences are undetect-
able, suggesting that they are a very minor component of the total cellular
hybridizable mRNA. This is consistent with our other findings that cellular
levels of laminin receptor mRNA directly correlate with cell surface expression
of laminin receptor in breast carcinoma cells, and validates the RNA blot
technique for assessment of laminin receptor differential expression.

Publications :

Castronovo V, Taraboletti G, Liotta LA, Sobel ME. Modulation of laminin re-
ceptor expression by estrogen and progestins in human breast cancer cell lines.
J Natl Cancer Inst 1989;81:781-8.

Rao CN, Castronovo V, Schmitt MC, Wewer UM, Claysmith AP, Liotta LA, Sobel ME
Evidence for a precursor of the high affinity metastasis-associated murine
laminin receptor. Biochemistry (in press)
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Sobel ME, Liotta LA. Receptor-ligand interactions: Role in cancer invasion

and metastasis. In: Vogel H, ed. P & S Biomedical Sciences Symposia "Molecular

Mechanisms in Cellular Growth and Differentiation". (in press)
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We have continued our investigation on the effect of MSD L651582, a potential
novel anti-cancer drug. We have shown previously that L651582 reversibly in-
hibits stimulated tumor cell motility and adhesion, inhibits autocrine motility
factor-stimulated phosphatidyl inositol metabolism, and decreases spontaneous
pulmonary metastases in experimental animal models. We have expanded our
in vivo observations to include other tumor cell types and methods of adminis-
tration. Daily oral and intraperitoneal (IP) administration of drug can be done
successfully as well as use of continuous subcutaneous treatment using Alzet
mini-osmotic pumps. Nude mice with heavy tumor burdens of 0VCAR3 human ovarian
cancer had marked prolongation of life expectancy with once daily IP administra-
tion of L651582. Mice bearing L1210 murine leukemia had improvement in overall
survival when treated with the combination of L651582, and cyclophosphamide at
subtherapeutic doses. These animal observations suggest an important anti-
proliferative role for L651582 as a new treatment for cancer. These data and
projected phase I clinical studies will be presented to Merck Research Labora-
tories for initiation of an IND (investigational new drug approval). The above
uses have been summarized as part of a use patent application.
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Major Findings :

We have been studying a novel anti-cancer agent developed by Merck Research-

Laboratories, L651582. This compound indirectly inhibits several steps in de

novo and salvage nucleotide biosynthesis. It also indirectly inhibits arachi-
donic acid metabolism, phosphatidyl inositol metabolism and its secondary
calcium signal. L651582 has been shown to inhibit keratinocyte proliferation
in vitro and in vivo in a pig skin psoriasis model.

We have previously shown that this agent 1) decreases autocrine motility factor
(AMF) and laminin-stimulated tumor cell motility; 2) inhibits tumor cell
adhesion to tissue culture plastic, laminin and fibronectin substrata; 3) de-
creases AMF-stiraulated phosphatidyl inositol metabolism; and 4) inhibits tumor
cell proliferation in vitro .

Over the course of the last year, we have been investigating the effects of

L651582 in animal models of tumorigenesis and metastasis. We have shown that
daily oral administration of this agent to nude mice is feasible and tolerable.
We have studied the efficacy of orally administered L651582 against L1210 bear-
ing nude mice. Mice receiving doses of 500 mg/kg/d had overall survival of
110 - 140% of mice receiving methylcellulose control solution. L651582 given
orally in combination with oral daily cyclophosphamide (40 mg/kg/d) prolonged
survival up to 160% of control animals, and approximately 130% of those mice
receiving cyclophosphamide alone. Intraperitoneal experiments using a log
lower concentration produced a similar profile of results. Studies are in
progress to evaluate the efficacy of continuous infusion of L651582 via Alzet
pumps in these leukemia-bearing nude mice.

Most recently, we have seen striking results with intraperitoneally administered
L651582 to 0VCAR3 human ovarian carcinoma-bearing nude mice. Eight mice matched
for degree of malignant ascites were split into two groups for DMSO control v.

L651582, 50 mg/kg/d in 60% DMSO given daily. The mean survival from the start
of treatment for the control group was 7.4 +/- 4 days, whereas the treated group
was 16.0 +/- 2.5 days, representing a prolongation of life of 220%. A repeat
study with 12 animals per arm is ongoing now. An invention report has been
filed and a use patent is being written presently.
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

In order to investigate the role of type IV collagenase in tumor invasion and
metastases, we have undertaken the purification of this enzyme, studied the
Michaelis-Menten kinetics of this enzyme, isolated a full-length cDNA clone and
characterized specific structure-function relationships using primary sequence
information. Our study of the mechanism of an in vitro activation of type IV
collagenase revealed a region in the proenzyme fragment, adjacent to the
activation locus that is highly conserved amongst the neutral metalloproteinases
studied so far. Studies using synthetic peptide analogs of this domain showed
that it contains a unpaired cysteine residue that functions to maintain the
type IV procollagenase in a latent form, and under conditions of substrate
saturation, determined from kinetic analyses, acts as a competitive inhibitor
of this enzyme. We have also developed an assay to measure the binding of
type IV collagenase to both type IV collagen and gelatin. These studies demon-
strate that enzyme binding to these substrates is independent of metal ion
binding and can be blocked by fibronectin and fibronectin gelatin-binding
domain peptides. Using synthetic oligonucleotides as probes, we have obtained
a full-length 3.1 kB cDNA clone for type IV collagenase, and two partial cDNA
clones of 2.8 and 1.0 kB both of which contain the 5' untranslated portion of
the message. Using these probes, we are currently exploring the levels of
type IV collagenase mRNA in various human tumor samples and attempting to
correlate these data with tumor stage and patient survival. These probes are
also being used to screen a human genomic DNA library to obtain a clone for
the complete type IV collagenase gene. These clones will be used to study the
regulation of type IV collagenase gene expression.
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Major Findings :

Type IV collagenase is a neutral matrix metalloprotelnase that degrades type IV

collagen within the triple helical domain. This enzyme is secreted as a latent
7 2 k.Da protein by human A2058 melanoma cells in culture. _In vitro assays have
shown that highly purified preparations of latent enzyme undergo concomitant
autoproteolysis with attainment of full collagenolytic activity, . following
treatment with organomercurial compounds. This autocatalyzed reaction results
in the generation of a new amino terminus with the sequence YNFFPRKPKWDKNQ.
The proenzyme fragment that is lost contains 80 amino acid residues. This
proenzyme fragment contains a region in its carboxy terminal end, immediately
adjacent to the site of cleavage, with the sequence PRCGVPDV which is highly
conserved amongst all members of the matrix metalloprotelnase family that have
been studied. This sequence also contains an unpaired cysteine residue.
Synthetic peptide analogs of this sequence can inhibit the activated enzyme
suggesting that in the native latent enzyme, this region may act as a endogenous
inhibitor and function to maintain the proenzyme in an inactive form.

The binding of type IV collagenase to type IV collagen, type I collagen and
gelatin was studied by developing a solid phase binding assay. In this assay
the binding phase, collagen or gelatin, is immobilized on an inert substrate.
The binding of ^^-'1-type IV collagenase can then be measured directly. This
assay was used to measure the binding affinity for these substrates as well as
other matrix macromolecules to compete with type IV collagenase binding. Type
IV collagenase binding to type IV collagen or gelatin is independent of metal
ion binding and can be blocked by fibronectin and fibronectin gelatin-binding
domain peptides. This confirms the similarity in the binding domain of type IV
collagenase and fibronectin for type IV collagen and gelatin. Type IV colla-
genase is a metalloprotelnase that is readily inhibited by metal ion chelating
agents such as EDTA. The putative metal binding domain was identified using
synthetic peptide analogs. Synthetic peptides with the sequence VAAHEFGHAMGLEHS
functioned as inhibitors of the gelatin zymogram activity of this enzyme. We
have used this system to explore the function of the histidine residues in this
sequence and found that two of the three are required to maintain inhibitory
activity.

Synthetic oligonucleotide probes based on the amino terminal portion of type IV
collagenase were synthesized and used to probe a placental cDNA library in the
lambda gtll vector. A positive clone of 1.0 kB was obtained on the initial
screening. Sequencing of this clone demonstrated that it corresponds to the 5'

end of the message and contains the previously unreported 5' untranslated region
and signal peptide sequences. This clone was used to rescreen the library. On
rescreening, a 2.8 kB and presumably full-length 3.1 kB clones were obtained
and subsequently sequenced. These clones extended in the 3' direction from the
1.0 kB clone previously described. These cDNA clones were used to study the
levels of type IV collagenase expression in various tumor cell lines as well as
in actual human tumor samples, and to screen a genomic library to obtain the
complete type IV collagenase gene for future studies.
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Publications :

Hoyhtya M, Turpeenniemi-Huj anen T, Stetle-r-Stevenson W, Krutzsch H,

Tryggvason K, Liotta L. Monoclonal antibodies to type IV collagenase recognize
a protein containing limited sequence homology with interstitial collagenase
stromelysin. FEES Lett 1988;233:109-3.

Liotta LA, Stetler-Stevenson WG. Principles of molecular cell biology of

cancer: cancer metastasis. In: DeVita VT, Jr., Hellman, S, Rosenberg SA
(eds.): Cancer: principles and practice of oncology, 3rd ed. Philadelphia:
J B Lippincott Co.

Stetler-Stevenson WG, Krutzsch H, Wacher M, Margulies IMK, Liotta LA. The
activation of human type IV collagenase proenzyme. J Biol Chem 1989;264:1353-6.

Liotta LA, Stracke ML, Wewer UM. Tumor invasion and metastases: Biochemical
mechanisms. In: Magrath I, ed. New directions in cancer treatment. Springer-
Verlag (in press)

Liotta LA, Stracke ML, Wewer UM, Schiffmann E. Tumor invasion and metastases:
Biochemical mechanisms. In: The pathobiology of neoplasia. Plenum Press
(in press)
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SUMMARY OF WORK (Use standanj unreOuced type. Do nof exceed the space proviOeO.)

Human melanoma cells secrete a 21 kDa protein, termed CSC-21K, which binds with
1:1 molar stoichiometry to the matrix metalloproteinase type IV collagenase
proenzyme secreted by the same cells. This binding protein has been purified
and its primary structure determined. The amino acid sequence demonstrates that
this protein shares significant homology with human TIMP (tissue inhibitor of
metalloproteinase), including conservation of the positions of the twelve
cysteine residues. The identification of CSC-21K now indicates that a family
of TIMP-related proteins exists. Individual members of this family may possess
selective affinities for different members of the matrix metalloproteinase
family. CSC-21K produced by tumor cells can also be considered as an onco-
suppressor gene product, because it could play an important role in regulating
the metalloproteinases involved in tumor invasion and angiogenesis.
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We have used synthetic oligonucleotide probes to screen a human melanoma cDNA
library. Probes containing sequences similar to those contained in metastasis-
associated raetalloproteinases were used to screen this library. Screening
yielded several cDNA clones. The largest containing a 1.7 kB insert was selected
for further characterization. Sequencing of this clone revealed that it
contained a novel sequence with a single open reading frame. Translation of
the cDNA sequence to obtain the deduced amino acid sequence yielded a unique
protein sequence that contained an initiating methionine followed by a signal
peptide sequence. The 3' end of this clone contains a polyadenylation signal
site and poly A tail. Computerized homology searches revealed no homology with
known protein sequences. Synthetic peptides corresponding to the deduced amino
acid sequence were prepared and used to prepare antipeptide antibodies. Western
blot analysis of conditioned media from a variety of tumor cell lines demonstrated
reactivity with a secreted protein of approximately 44 kDa, as well as some
lower molecular weight material. The significance of these results and the
possibility of using this as a tumor cell marker is being explored.
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In order to assess the cli
characterization of human
obtained from patients ref
are obtained with patient
Hematopathology Section
origin from T cells, B eel
as belonging to specific d

is then correlated with cl
analyzed to achieve improv

nical and pathologic significance of the immunologic
malignant lymphomas, fresh biopsy tissues are
erred to the Clinical Center for treatment. Biopsies
permission prior to therapy and processed in the
The neoplastic cells are characterized as to their
Is, or histiocytes, and in addition can be identified
evelopmental and functional subpopulations. This data
inical and pathologic data. Nforphologic features are
ed classification of lymphoprolif erative lesions.

This information is utilized to develop improved classifications of disease and to
distinguish new clinicopathologic entities. It also will be used as a basis for
potential immunotherapy or adjunctive immunotherapy in a program of autologous
bone marrow transplantation.
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Major Findings :

A concept for the classification of histiocytic disorders was developed.

Reactive and neoplastic proliferations of histiocytes can be related to the

two main subpopulations of histiocytic cells: phagocytic histiocytes or

macrophages and dendritic cells. Malignant histiocytic proliferations are

rare. Most true histiocytic lymphomas present as tumor masses, often with

stage IV disease at presentation, with frequent involvement of bone and skin.

Systemic histiocytic proliferations, i.e., malignant histiocytosis, if they

exist, are closely related to acute monocytic leukemia and represent differing

clinical presentations of the same neoplastic process. Many conditions
formerly diagnosed as "malignant histiocytosis" represent either hemophago-

cytic syndromes or large cell immunoblastic lymphoms with sinusoidal involve-

ment.

A study of proliferative lesions composed of dendritic cells (interdigitating

reticulum cells and dendritic reticulum cells) is underway with analysis of

immunophenotypic, clinical and pathologic features.

An analysis of the histologic category of diffuse, mixed small and large cell

lymphomas has been undertaken using immunophenotypic and molecular genetic
approaches. Two subgroups have been identified: 1) peripheral T-cell lymphomas

and 2) "B-cell lymphomas with T-cell predominance" or "pseudo-peripheral T-cell
lymphomas". Correlations will be drawn with clinical and pathologic features.

A clinicopathologic and phenotypic study of lymphocytic lymphoma of "inter-
mediate" differentiation (IDL) was completed. The nuclear antigen Kl-67 was
shown to be a useful parameter in correlating with prognosis and was more
predictive than mitotic rate in identifying patients with a poor prognosis.

A blastic or accelerated form of the disease was also identified and

characterized histologically. Clinically, IDL resembles a low-grade, non-
Hodgkin's lymphoma in that there is a continuous relapse rate over time with
no patient having a prolonged disease-free survival.

Publications :

Jaffe ES, Lipford EH Jr, Margolick JB, Longo DL, Cossman J, Fauci AS. Lympho-
matoid granulomatosis and angiocentric lymphoma: A spectrum of post-thjrmic
T-cell proliferations. Sem Resp Med 1989;10:167-2.

Sundeen JT, Cossman J, Jaffe ES. Ljmiphocyte predominant Hodgkin's disease
nodular subtype with coexistent "large cell lymphoma": Histological pro-
gression or composite malignancy? Am J Surg Pathol 1988;12:599-6.

Steinberg A, Seldin M, Jaffe ES, Smith H, Klinman D, Krieg A, Cossman J.

Angioimmunoblastic Ijrmphadenopathy with dysproteinemia. Ann Intern Med 1988;
108:575-4.

Solomon D, Merino MJ, Linehan M, Jaffe ES. Angiocentric malignant lymphoma
involving lung and kidney: mimicking renal cell carcinoma in fine needle
aspiration cytology. Surg Pathol 1988;1:273-6.
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SUMMARY OF WORK (Use standard unreduced type. Do nor 9xce«* the space provided.)

We have designed and reported a highly sensitive technique to detect minimal dis-
ease in follicular lymphoma using PCR. In a prospective study, peripheral blood
samples obtained from several hundred lymphoma patients are being analyzed for the
presence of circulating t(14;18) lymphoma cells. We have undertaken this longitud-
inal clinical trial to determine whether relapse can be predicted early using PCR.

To expand the applicability of PCR to the diagnosis of lymphoma, we are (1)
developing oligonucleotide primers specific for each of the four breakpoint
regions so that nearly all (approximately 90% of t(14;18) lymphomas can be
detected, (2) designing. PCR amplification from paraffin-embedded fixed-tissue
and (3) investigating bcl-2 expression in tissue sections using our anti-bcl-2
antiserum and monoclonals to the bcl-2 protein now under development.

We have shown that the T cell receptor delta chain gene is frequently rearranged
in both T and pre-B ALL. By contrast, in most mature T cell neoplasms, we found
that both T~6 alleles have been deleted from the genome. We are now investi-
gating the manner whereby T5 rearrangement and deletion occurs during T cell
development by analyzing these events in our a/B T cell neoplasms.

To determine whether the sensitive detection of clonality by gene rearrangement
analysis is useful in differential diagnosis and predicts a malignant outcome,
we hdve selected a specific anatomic site, the orbit, prone to be involved by
lymphocytic infiltrates whose malignant behavior is difficult to predict by
morphology alone. Among 20 such patients gene rearrangement analysis proved to
be mora sensitive than immunophenotyping for detecting B cell clones. Clinical
follow-up, rebiopsy and clonal analysis demonstrated that gene rearrangements can
predict a malignant outcome.
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Major Findings :

1. PCR can be used to detect occult disease in follicular lymphoma.

2. The T-6 gene is deleted from the genome of most mature a/6 T cell
neoplasms.

3. Gene rearrangements are more sensitive than either conventional morphology
or iramunophenotyping in detecting clones and predicting malignant behavior
in lymphoproliferative processes of the orbit.

Publications :

Uppenkamp M, Andrade R, Sundeen J, Raffeld M, Coupland R, Cossraan J. Diagnostic
interpretation of Ty gene rearrangement: Effect of polyclonal T cells.

Hematolog Pathol 1988;2:15-4.

Steinberg AD, Seldin MF, Jaffe ES, Smith HR, Klinman DM, Krieg AM, Cossman J.

Angioiramunoblastic lymphadenopathy with dysproteinemia. Ann Intern Med 1988;
108:575-4.

Stetler-Stevenson MA, Raffeld M, Cohen P, Cossman J. Detection of occult
follicular lymphoma by specific DNA amplification. Blood 1988;72:1822-5.
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SUMMARY OF WORK (Use stanaard unreduced type. Oo not exceed the space provided.)

We have cloned and sequenced a t(14; 18) bcl-2 breakpoint cluster region which lies

more than 12 kb 3' of the major breakpoint cluster region (mbr, located in the

last exon of bcl-2), and 5' of the minor cluster region (mcr). Using probes of

these separate regions, we have determined the frequency with which each of the

breakpoint areas of bcl-2 is involved in translocation and are investigating
whether the specific breakpoint of bcl-2 might influence clinical behavior of

lymphomas

.

To determine whether point mutation in the bcl-2 ORF might be involved in de-
regulation of bcl-2, we have directly sequenced PCR-amplif led DNA from eleven
primary follicular lymphomas. As no mutations were found, we conclude that bcl-2
activation is not generally attributable to mutation in these sites.

In continuing studies of the molecular biology of Hodgkin's disease, we applied
PCR to the involved tissues of Hodgkin's disease and found positive bcl-2/Jfj
sequences in 33%. Since our single bcl-2/mbr primer detects only 37% of follicu-
lar Ijnnphoma, then many, perhaps most, cases of Hodgkin's disease contain
t(14;18). Planned studies include investigation of bcl-2 expression using PCR-
araplified cDNA and direct analysis of Reed-Sternberg cells for bcl-2 expression
in intact tissue sections with an antibody we have raised to the bcl-2 protein.

We have identified a novel T-delta gene rearrangement occurring in the majority
of precursor B ("common") ALL. To determine the mechanism of this rearrangement
and its consequences, we are cloning and sequencing genomic DNA from a primary
case of precursor B ALL which carries the delta rearrangement.
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Major Findings :

1. The bcl-2 gene is involved in many, if not most, Hodgkin' s lymphomas as

demonstrated by PCR amplification of the t(14;18) chromosomal translocation.

2. A consistent, novel T-<5 gene rearrangement occurs in precursor B ALL.

Publications :

Cossraan J, Sundeen J, Uppenkamp M, Sussman E, Wahl, L, Coupland R, Lipford E,

Raffeld M. Rearranging antigen receptor genes in enriched Reed-Sternberg cell
fractions of Hodgkin's disease. Heraatolog Oncol 1988;6:205-1.

Stetler-Stevenson MA, Raffeld M, Cohen P, Cossman J. Detection of occult
follicular lymphoma by specific DNA amplification. Blood 1988;72:1822-1825.
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SUMMARY OF WORK (Use stardara unreduced type. Oa not exceed the space provided.)

Pathologic material from patients identified to be seropositive for HTLV-I is

reviewed and correlated with clinical and epidemiologic features of disease.
Material is derived from patients in the United States as well as other parts of
the world. Where possible, immunologic phenotyping of the lymphomas is per-
formed and tumor DNA is directly analyzed for viral genome.

For cases in which fresh material is not available, DNA will be extracted from
paraffin sections and examined for HTLV-I sequences using the PCR amplification
technique. This information will be correlated with serologic, clinical and
pathologic data to determine the validity of the PCR technique in establishing
the diagnosis of adult T-cell lymphoma/ leukemia (ATL).

In selected populations where HTLV-I is endemic, such as Jamaica or Trinidad,
prospective studies of all newly diagnosed lymphoma patients are conducted.
Such studies are useful in identifying the clinicopathologic spectrum of HTLV-I
associated diseases. Prospective studies of all lymphomas in similar geographic
regions with differing incidences of adult T cell leukemia/ lymphomas are in-
cluded to discern factors which may have an impact on the incidence of HTLV-I
and HTLV-I associated diseases.
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Major Findings :

A registry for ATL diagnosed in the United States was established. Approxi-
mately 100 cases have been entered in the registry thus far; epidemiologic,

clinical, and pathologic data are being analyzed.

A prospective study of all malignant lymphomas diagnosed in Trinidad-Tobago over

a three-year period has been undertaken. Preliminary studies indicate a high
incidence of ATL. It has been possible to demonstrate a T-cell phenotype in

paraffin-section iramunoperoxidase studies.

In a separate study, serum samples were obtained over a 2 year period from
136 Panamaian patients with hematologic malignancies. Only 3 patients had
clinical and serologic findings of HTLV-I-associated ATL. It was concluded
that although classical ATL does occur in the Panamanian population, it is

not as prevalent as in other Caribbean populations.

Publications :

Levine PH, Jaffe ES, Manns A, Murphy EL, Clark J, Blattner WA. Human T-cell
lymphotropic virus type I and adult T-cell leukemia/ lymphoma outside of Japan
and the Caribbean basin. Yale J Biol Med 1988;61:215-2.

Levine PH, Cuevas M, Arosemena JR, Jaffe ES, Saxinger WC, Altafulla M, De Bernal

J, Espino H, Rios B, Xatruck H, Barnett M, Drummond J, Alexander S, Blattner, W,

Reeves W. Human T-cell leukemia virus (HTLV)-I and hematologic malignancies in
Panama. Cancer (in press)
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

Follicular lymphoma is a common B-cell neoplasm which has remained largely an
incurable disease. Approximately 95% of follicular lymphomas carry the t(14;18)
(q32;21) chromosomal translocation which results in joining of the putative
oncogene bcl-2 on chromosome 18 to the immunoglobulin heavy chain joining region
gene JH on chromosome 14. Although the deregulation of bcl-2 by the translocation
has been proposed as a possible mechanism in the development of neoplasia, the
expression of the chimeric bcl-2/JH transcript in follicular lymphoma has not
been well studied. We have reverse transcribed RNA extracted from SU-DHL-6 (a
cell line containing t(14;18)) and tissues from follicular lymphoma patients
and subjected the cDNA to the polimierase chain reaction technique. We were
able to detect the chimeric bcl-2/JH cDNA and are quantifying levels of this
transcript. Corre ation of the clinical course with the level of expression of
the chimeric bcl-2/JH transcript expression will indicate the prognostic
significance of the proposed bcl-2 deregulation in follicular lymphoma. This
will help to illuminate the role of bcl-2 in malignancy and provide a diagnostic
test of prognostic value that will assist in patient management. We have
previously demonstrated the t(14;18) translocation to be present in 32% of
Hodgkin's lymphomas. However, Hodgkin's disease and follicular lymphoma are
two distinct clinical-pathological entities. We shall also examine the expression
of the bcl-2/JH transcript in Hodgkin's disease patients and again correlate
this information with the clinical course. This data will provide further
information concerning the role of bcl-2 in hematopoietic malignancies.
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SUMMARY OF WORK (Use standam unreduced type. Do not exceed the space provided.)

We have determined the frequency with which each of the breakpoint areas of
bcl-2 are involved in translocation and are currently investigating whether the
specific breakpoints might influence the clinical behavior of lymphoma. In
the course of these investigations, we have cloned and sequenced a t(14:18) bcl-
2 breakpoint cluster region which lies more than 12 kb 3' of the major break-
point cluster region (mbr), and 5' of the minor cluster region (mcr).

We have adapted sensitive PCR technology to the diagnosis of t(14:18) trans-
located lymphomas. We are currently developing oligonucleotide primers specific
for each of the four reported breakpoint clusters so that nearly all t(14:18)
translocated lymphomas can be identified. This technology will allow us to
follow prospectively large numbers of patients with this lymphoma for both
response to treatment and relapse utilizing blood and/or lymph node samples.
We are also designing retrospective studies using paraffin embedded tissues.

We have studied a series of recurrent follicular lymphomas to assess the
status of their immunoglobulin (Ig) and bcl-2 restriction patterns. We have
found that Ig gene restriction pattern changes occur frequently over time (30%
of the cases studied). Changes in the bcl-2 gene restriction fragments were
not observed. In order for a mutation in an Ig gene to become detectable as a
restriction fragment change, we presume that a second unrelated genetic event
must have occurred in the variant cell, imparting a selective growth advantage
to that cell's progeny. Thus, changes in Ig restriction patterns in the course
of a patient's Ijrmphoma, may serve as a marker for the acquisition of secondary
growth promoting mutations. We have begun to investigate potential second
events which could impart a selective growth advantage to a lymphoma cell or re-
sult in aggressive transformation of a lymphoma. To this end, we are currently
analyzing the potential role of several oncogenes and anti-oncogenes.
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Major Findings :

1. PCR technology can be adapted to the diagnosis of follicular lymphomas with
the t(14:18) translocation.

2. Follicular lymphomas show frequent changes of their immunoglobulin gene
restriction fragment patterns when analyzed longitudinally over time. These
changes should not be confused with second or "biclonal" lymphomas and may
serve as a marker for the acquisition of secondary growth promoting muta-
tions.

Publications :

Stetler-Stevenson MA, Raffeld M, Cohen P, Cossman J. Detection of occult
follicular lymphoma by specific DNA amplification. Blood 1988;72:1822-5.
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Application of an exonuclease assay developed in this laboratory to identify and
map the sites of tight protein-DNA interactions on large pieces of DNA, to the
c-myc gene has revealed multiple cis- and trans-elements both upstream and down-
stream of the c-myc promoter Pi. We have focused on 3 regions, each of which
interacts with one or more sequence-specific binding proteins.

300 bp upstream of Pi, fos/jun (API) and octamer binding proteins bind to a

negative element. Approximately 1 kb downstream, a 140 kD phosphoprotein binds
to a negative element.

1.5 kb upstream of Pi, a cell-type and differentiation specific factor contain-
ing peptides of 22-30 kD, binds to a positive element.
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A negative element has previously been localized to a 57-base pair segment

approximately 300 base pairs upstream of the human c-myc promoter Pi. Within

this element, a 26-base pair region was protected in vitro from DNAse I diges-

tion with a HeLa cell nuclear factor(s). Two specific DNA-protein complexes

were identified in gel retardation assays using HeLa cell nuclear extracts and

an oligonucleotide probe spanning the footprinted region. Exonuclease and

chemical footprint analyses suggested that the binding sites for both complexes
are almost entirely overlapping. One of the complexes was eliminated by oligo-
nucleotide competitors possessing known AP-1 binding sites. This same complex
reacted strongly with anti-fos immunoglobulin suggesting a role for c-fos in

governing c-myc expression. Precipitation of fos protein bound to c-myc DNA
that was immobilized on beads confirmed the involvement of c-fos in a specific
complex with the c-myc upstream sequence. In contrast, the other complex seen
by the c-myc probe could not be competitively inhibited by AP-1 binding sites
and was not affected by anti-fos antibody. Instead, this complex was efficient-
ly eliminated by unlabeled oligonucleotides containing the octaraer DNA motif
found in immunoglobulin gene promoters. Purified octamer-binding proteins
formed stable complexes with the 26-base pair c-myc sequences. These results
demonstrate that degeneracy in the consensus recognition sequences of these
distinct factors allows each of them to bind the c-myc negative element. The

interaction of known transcriptional activators with a negative element suggests
that the same factors can mediate both transcriptional activation and repres-
sion.

A 138 kD nuclear protein was identified from HeLa cells as the factor which
binds to a previously described 20 bp cis element located in the intron I of

the c-myc gene. This myc intron factor (MIF) binds to the wild type c-myc
sequence but does not bind to c-myc from Burkitt's lymphoma which contain point
mutations in this binding region. We have demonstrated that the 138 kD MIF is
a phosphoprotein and that the treatment of the purified MIF with potato acid
phosphatase abolished binding to its 20 bp c-myc recognition sequence; binding
activity was protected by inclusion of phosphatase inhibitors. These results
suggest that phosphorylation is required for the specific DNA:MIF interaction
in vitro and that the phosphorylation state of MIF may be an important factor in
controlling c-myc expression in vivo.

Using a sensitive exonuclease assay, we have identified sites of factor binding
from whole cell extracts to genomic probes encompassing 2300 bases of c-myc
sequence upstream Pi. Protein extracts were prepared from undifferentiated as
well as DMSO induced HL60 and U-937 cells in order to detect alterations in
factor binding as c-myc transcriptional initiation is shut off. At one locus
approximately 1600 bases upstream of Pi, there is a DNA binding complex which
is only present in undifferentiated cells and which dramatically decreases,
correlating with commitment to differentiation. The factor complex is present
in a variety of tumor lines, including HeLa cells, but not in some other lines
including Hep G2, suggesting that the transactivating effect of FUSE is cell-
type specific. We have constructed a CAT plasmid containing 3.2 kb of c-myc
sequence including the far upstream element (FUSE) and the c-myc promoters
fused to CAT. When transfected into U-937, HeLa, and Hep G2 cells, the plasmid
expressed significant amounts of CAT. When a strategic 4 base deletion in the
binding site of FUSE was made, there was a significant reduction of CAT expres-
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sion in U-937 transfectants and HeLa cells but not Hep G2 transfectants , demon-
strating that the element has a potentiating effect on expression when bound by

the factor complex. Using oligonucleotide affinity chromatography, we have
partially purified factors which bind to the FUSE. UV cross-linking studies
demonstrate that several polypeptides from 22-30 kD bind to the FUSE in a cell

line and differentiation specific manner.

Major Findings :

1. fos/jun (API) and octamer finding proteins interact with a negative element
-300 relative to c-myc promoter Pi.

2. A 138 kd protein binds in a phosphorylation dependent manner to a cis-element
frequently mutated in Burkitt lymphoma.

3. A positive cis-element at -1500 relative to Pi binds cell type and differen-
tiation specific polypeptides of 22-30 kD.

Publications :

Takimoto M, Quinn JP, Farina AR, Staudt LM, Levens DL. fos /jun and Octamer-
binding protein interact with a negative element of the human c-myc gene.

J Biol Chera (in press)

Hay N, Takimoto M, Bishop JM. A fos protein is present in a complex that binds
a negative regulator of myc. Genes & Development 1989;3:293-3.
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SUMMARY OF WORK (Use stanaattl unreduced type. Do not axcaeri the space proviOed.)

The gibbon ape leukemia virus is a family of type C retroviruses associated with
several distinct hematopoietic malignancies. The Seato strain is associated
with granulocytic leukemia. The principal determinant of enhancer activity has
been shown to reside in a 22 bp element which Interacts with cellular proteins.
The gibbon T-cell lymphoma cell line MLA 144 strongly transactivates the GALV-
-Seato enhancer. Fractionation of MLA 144 extracts by conventional and affinity
chromatography allows the separation of the GALV enhancer binding protein com-
plex into 2 components. One of these components interacts strongly with DNA but
does not in itself possess full specificity. The second component does not in
itself bind DNA, but upon forming a complex with the first component confers
greatly enhancer power to discriminate between different sequences. These pro-
teins are distinct and separable from fos/jun (API). However, a minor complex
is present in MLA 144 which contains a fos-related antigen (FRA). The two
components of the major complex can be independently activated in a cell-line
specific manner.
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At least two subunits contributed to the formation in vitro of a specific com-

plex binding to the API consensus sequence (TGAGTCA) in the gibbon ape leukemia

virus (GALV) enhancer in MLA 144 cells. This complex can be dissociated on a

monoraeric GALV oligonucleotide affinity column. One protein, termed the "core

protein", was retained on the oligonucleotide affinity column. The second

protein flowed through the oligonucleotide affinity column and alone did not

bind to DNA; however, with the core protein, the two bound strongly and very
specifically to the GALV sequence. MLA 144 cells contained only trace amounts
of c-fos and c-jun by Western blot analysis, suggesting that the proteins
specifically binding to the GALV API site were distinct from c-fos and c-jun.

In addition to the major complex that recognized the GALV element, MLA 144

cells also contained a minor complex that is chromatographically different and
antigenically related to c-fos. The factor in the flow-through complemented a

human T-cell nuclear extract (Jurkat cell line) , which alone had no assayable
complex that specifically bound to the GALV enhancer; this complementation gave
rise to a specific complex similar to that seen in MLA 144 cells. Together
these results suggest that the GALV enhancer can interact with multi-component
protein complexes in a cell line-specific manner. Purification of the separated
components is virtually complete and the work in progress is concentrating on
the generation of antibodies and clones to study the interaction of these
proteins and to elucidate their regulation.

Major Findings ;

1. A core complex composed of a medium-sized protein (approximately 35 kD)
interacts with a second factor to produce a specific GALV/APl site binding
complex. This complex is distinct from fos/jun.

2. A minor complex contains fos-related antigens.

3. The components of the major complex can be regulated in a cell line-
specific manner.

Publications :

Quinn JP, Takimoto M, ladarola M, Holbrook N, Levens DL. Distinct factors bind
the AP-1 consensus sites in the gibbon ape leukemia virus and SV40 enhancers.
J Virol 1989;63:1737-2.
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Leukocytes have the ability to adhere and migrate j^ vitro and in vivo in re-
sponse to various stimuli such as inflammatory mediators. In air~at tempt to
study this process in molecular detail, I have chosen to work with HL-60
prorayelocytic leukemia cells which are deficient in cell-substrate adhesive
ability in the undifferentiated state. Previous work and my preliminary data
indicate that they can be induced to become adhesive and migratory leukocytes
when they are treated with phorbol esters alone or with combinations of other
chemical agents and phorbol esters. Both the cell-substrate adhesion and
migration observed with these treatments can be completely inhibited by a
monoclonal antibody derived against the common beta subunit of the leukocyte
integrin receptors (LFA-1, MAC-1, 150,95). Current experiments are focusing on
the identification of the ligands involved in the adhesive events and on how
phorbol esters are dramatically stimulating adhesive and migratory response.
Leukocyte proteolytic enzymes are felt to play a role during. the invasion of
the endothelial basement membrane in vivo which occurs during inflammatory
responses. A 94 kOa gelatinase from phorbol ester treated HL-60 cells has been
isolated and characterized. The purified enzyme is latent and can be activated
by a variety of agents including organomercurials and by denaturants such as
acid, urea and SDS. During activation, an autocatalytic cleavage of peptide
bonds occurs resulting in several lower molecular weight species. Amino acid
sequences from the N-terminus and cyanogen bromide and tryptic peptide fragments
have revealed unique sequences and a highly homologous sequence to other
collagenase family enzymes. This data shows that this leukocyte gelatinase is
a new member of collagenase family of metalloproteases.
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Major Findings :

I have found that HL-60 cells can be used as a model for the development of

leukocyte cell-substrate adhesive and migratory ability. They can be induced
to adhere to tissue culture plastic substrata if treated with TPA alone (after
10-12 hours) or if first treated with DMSO or vitamin D3 for 48-72 hours follow-
ed by exposure to phorbol esters (TPA) for 30-60 minutes. In addition, these
predif ferentiated cells can be induced to strongly migrate in a Boyden-charaber

apparatus if exposed to appropriate levels of TPA. Further support for the
probable role of protein kinase C in the rapid effect of phorbol esters in cell
adhesion is the finding that a distinct protein kinase C stimulator, DiC8, also
induces the effect. In addition, the protein kinase C inhibitor, staurosporine,
completely blocks the migratory response of predif ferentiated cells in response
to TPA. The goal of these studies is to understand the development of these
cellular behaviors in molecular detail. The likely adhesive receptors involved
in the phenomenon are those of the leukocyte integrin receptor family (LFA-1,
MAC-1, 150,95) since a monoclonal directed to the common beta subunit of these
receptors completely blocks the adhesive and migratory response. Recent experi-
ments have been attempting to identify potential ligands for these receptors
which are derived from the differentiating HL-60 cells. Once ligands are
identified, experiments will address whether TPA effects the expression or
function of the receptors and/or ligands.

During TPA treatment, HL-60 cells develop cell-substrate adhesive ability and
also release a 94 kDa gelatin-degrading metalloprotease (gelatinase) . The re-
lease of the gelatinase closely parallels the timing and extent of cell-
substrate adhesion. It does not appear to be required for cell-substrate ad-
hesion (blocking antibodies do not interfere with adhesion) and it is released
at the same time whether or not the cells adhere to the substrate. The latter
experiment was done using the blocking monoclonal antibody against the leukocyte
integrin receptors mentioned above. By a number of criteria, the gelatinase is

distinct from other collagenolytic metalloproteases and experiments were
undertaken to obtain amino acid sequence data for the molecular cloning of the
enzyme. In collaboration with Dr. Brian Martin (NIMH), we have obtained se-
quence data from the N-terminus and several internal sites. This data shows
unique sequence as well as a highly homologous sequence with all other collagen-
ase enzymes. Our data shows that this gelatinase is a new member of the
collagenase family of metalloproteases. Future work will focus on the function-
al role of the gelatinase in leukocyte extravasation and in its genetic regula-
tion during leukocyte development.
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The elucidation and characterization of genes necessary for establishing pattern
formation during morphogenesis and the study of their regulation are problems
which are central to many aspects of vertebrate biology. It may be expected
that processes including responses to trophic stimuli, cell-cell interactions,
migration, differential cell multiplication, programmed cell death, etc. are
all involved. Many of these same processes are recapitulated in a pathologic
manner during oncogenesis. Chick limb development is an attractive system for
studying the molecular basis for pattern formation during morphogenesis.
Critical events at the level of tissue/cellular interactions involved in pattern
formation have been well characterized in this organism, the events regulating
pattern formation appear to be overall very similar to those in mammalian
systems, and it is possible to isolate limb bud tissue from defined stages of
development in large numbers. In addition, this system is readily amenable to
studies involving microsurgical manipulation, and the recent availability of
defective retroviral vectors provides a means for studying the effects of
expression of cloned genes of interest in specific, selected tissues within the
developing embryo. It is the aim of this long-term project to isolate genes
that regulate morphogenesis in the chick embryo limb bud.
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Major Findings:

Dual approaches are being employed to isolate genes involved in morphogenesis

of the chick embryo limb bud. cDNA cloning and subtractive hybridization

techniques are being used to identify genes that are differentially expressed

at different stages of limb bud development and/or show specificity of expres-

sion with regard to limb type. A second, more directed approach will entail

the use of cloned genes which have been implicated in developmental regulatory

processes (especially pattern formation) in other systems as probes to screen

chick limb bud cDNA libraries for related sequences. Genes that are identified

using these approaches will be initially analyzed for their specific spatial

and temporal patterns of expression in the embryo by the use of rn situ

hybridization. These studies may provide insight into factors involved in

initiating or maintaining raorphogenetic gradients, and clues as to possible

hierarchies of interaction/interplay between different factors involved in

regulatory circuits during pattern formation. The introduction of cloned genes

of interest into defective avian retroviral vectors will provide a means for

studying the effects of transient expression in specific tissues by localized

injections into developing embryos, as well as potentially allowing for the

development of transgenic animals. The isolation and characterization of

corresponding genomic clones will also eventually provide the tools necessary

to study the transcriptional and post-transcriptional regulation of genes

determining pattern formation and of the "down stream" structural genes which
they regulate to bring about the developmental program.

For the purpose of generating hybridization-subtraction probes, early stage

(17-18) and late stage (21-22) limb bud mRNAs were extracted from about 2000

individually dissected chick embryos. These stages were chosen as likely to

represent times at which signals regulating anterior-posterior and dorso-ventral
patterning are just beginning to be expressed ("early"), and times at which
morphogenetic gradients are well established ("late"). The isolation of

differentially expressed mRNAs from these different stages should identify
genes that are involved in establishing pattern formation, or at the very
least, "marker" genes that are regulated by such morphogenetic signals. In

addition, considering the profound differences in morphology between fore and

hind limb buds in birds which is determined by the mesenchyme of the limb bud

at a very early stage, wing and leg bud mRNA populations were extracted
separately at the indicated stages, to allow identification of mRNAs differen-
tially expressed in wing or leg limb buds.

Because of the relatively small amounts of mRNA that can be isolated even from
a large number of limb buds (< 1 mm length each), and considering that regula-
tory signals may be expressed in only a small proportion of the total limb bud

cell population at a given stage, techniques were sought to amplify limiting
amounts of mRNA so that hybridization subtraction probes could be easily
generated and to increase the likelihood of isolating low abundance sequences.
The different mRNA populations were stabily amplified via directional cDNA
cloning into a X bacteriophage vector (A zap) in which the oriented cDNA
insert is flanked by T3 and T7 bacteriophage promoters. The amplified cDNA
population can then be transcribed to specifically yield large amounts of
either sense or antisense RNA for use in the generation of hybridization sub-
traction probes. In addition, a modified polymerase chain reaction (per)
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procedure using primers that flank the phage cDNA inserts is being developed,

which would allow the generation of amplified single-stranded cDNA pools for

use in subtractive hybridizations. This latter technique could be useful for

selectively amplifying the single-stranded (differentially expressed) cDNA
isolated after multiple rounds of subtractive hybridization to increase the

yield of low abundance sequences.

To date, four different cDNA libraries have been constructed in X zap using
mRNA isolated from early (st 17-18) and late (st 21-22) stage wing and leg
buds. Each library contains approximately 10^ independent clones, ranging
in size from 300 to 2600 bp. Modified procedures (as described above) are
currently being developed and optimized for enhancing the isolation of

differentially expressed, low abundance sequences from these libraries by

subtractive hybridization techniques. Concommitantly, the libraries are also
being screened for expression of genes which have been implicated in develop-
mental regulation and pattern formation in other systems. Particularly,
several approaches to identifying members of the homeodomain and pou-
homeodomain gene families are being employed, including the use of homologous
DNA probes in low stringency hybridizations, anti-peptide antibodies recognizing
the highly conserved protein domains for immunoscreening, and degenerate oligo-
nucleotide primers based on amino acid sequence for selective per amplification
of gene fragments from pooled library cDNA. Such approaches will also be

applied to screening for the presence of other genes that, although not as
intensively studied to date, appear to play a role in developmental regulation.
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We are investigating the consequences of mitogen mediated signals to T cells by
isolating and characterizing genes that constitute the immediate early trans-
criptional response to these events. We have isolated over 60 novel cDNA clones
that represent mRNA species induced by PHA and PMA in human peripheral blood T
cells. Primary sequence analyses on five clones have been completed and have
revealed two functional classes of proteins encoded by these genes: lymphokines
and DNA binding proteins/ transcription factors. Lymphokines are likely impor-
tant in regulating the proliferation and or differentiation of lymphoid and/or
nonlymphoid cell types during an immune response. Transcription factors poten-
tially affect "downstream" gene expression, and thus, can act as pleiotropic
regulators of T cell activation. pAT 744 and pAT 464 are hematopoietic cell
specific induced genes. They encode distantly-related members of a family of
small secreted proteins, many of which appear to play roles in the inflammatory
response and wound healing. pAT 469 and pAT 555 share nearly identical coding
regions but represent alternatively-spliced 5' and 3' nontranslated regions.
pAT 744 and 464/555 are linked on human chromosome 17. pAT 237 also is
hematopoietic cell-specific and likely encodes a previously undescribed l3nnpho-
kine with an 18.5 kd polypeptide backbone. Potential functional activities of
the three putative lymphokines currently are being tested with recombinant
proteins. pAT 225 and pAT 416 are responsive to signals in a variety of cell
types. The pAT 225 encoded protein contains 3 adjacent zinc finger motifs and
most likely is a DNA binding protein/transcription factor. pAT 416 encodes a
protein which belongs to the steroid receptor/DNA binding class of proteins.
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Major Findings:

The goal of this project is to broaden our understanding of the physiology and

regulation of raitogen-induced activation. To this end we have isolated and are

characterizing genes that are induced rapidly following mitogen stimulation of

human peripheral blood (PB) T cells. We have employed the techniques of sub-

tractive cDNA cloning coupled with using a labelled subtracted probe to select

genes that are transcriptionally induced in PB T cells within four hours follow-

ing the addition of PHA and PMA in the presence of cycloheximide. We have iso-

lated in excess of 60 unique genes that are unrelated as determined by cross-

hybridization analyses. Greater than 90 percent of the clones represent pre-

viously undescribed induced genes. The clones demonstrate heterogeneity with

regard to kinetics of induction, ranging from 30 minutes to 4 hours, and levels

of expression, encompassing less than 10 to greater than 100 induced copies per

cell. Analyses of the large number of induced clones that have been isolated

offer the opportunity to begin elucidating the complexity of mitogen-induced
responses. Two important broad areas of interest are the physiological

functions of induced genes and the spectrum of regulatory mechanisms controlling
induced gene expression.

Primary Structure Determination

The determination of primary structure is an essential step in the analysis of

an induced gene which can indicate a class of protein such as a membrane re-

ceptor, secreted protein, DNA-binding protein, protein kinase, or calcium-
binding protein. We have completed or are determing the complete nucleotide
structure of ten full-length cDNA clones encoding inducible mRNA's. Four of

these genes (pAT 464, pAT 555, pAT 744, pAT 237) are not induced in fibroblasts
but instead appear to be specific to hematopoietic tissue. Seven of these genes

(pAT 464, pAT 744, pAT 237, pAT 120, pAT 255, pAT 154, and pAT 416) are ex-

pressed at high constitutive levels in adult T cell leukeraias (ATL) and HTLV I

infected human T cell clones. Five of these genes (pAT 464, pAT 744, pAT 154,

pAT 237 and pAT 555) are transcriptionally inhibited by cyclosporin A. pAT 125

and pAT 127 are genes that encode abundant mRNA's, and thus were isolated with
a high frequency from the subtracted library. As can be seen, many of the 10

genes selected for detailed analyses demonstrate more than one interesting prop-
erty. Complete sequence has been obtained for pAT 225, pAT 744, pAT 5 55, pAT

464, pAT 416, and pAT 237. Sequencing is in progress for the remaining clones.

pAT 464, pAT 744, and pAT 555 are hematopoietic cell-specific induced genes.
The complete translated amino acid structures of pAT 744, pAT 464, and pAT 555
indicate that these genes encode proteins of approximately 8 kdaltons which are
related to varying degrees, including the important finding that each contains
an apparent hydrophobic leader sequence but no obvious transmembrane domain,
suggestive of secreted proteins. pAT 464 and pAT 555 represent independent
isolates from a cDNA library probed with the original pAT 464 clone from the

subtracted library. They are greater than 90% homologous in the major part of
the coding regions of the genes with distinct 5' and 3' ends. Oligonucleotide
probes specific for the 555 and 464 5' difference hybridize to adjacent first
exons on a genomic clone, implying that the two cDNA's represent alternatively
transcribed and/or spliced products. pAT 464/555 are approximately 55% homolo-
gous at the amino acid level with pAT 744. Anti-peptide antibodies specific
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for pAT 464 or 744 detect secreted proteins in the supernatants of activated T

cell cultures or COS cells transfected with expression vectors containing the

464 and 744 gene sequences. The proteins encoded by these three genes share

some critical amino acid similarity with a newly emerging family of secreted
factors, some of which have been shown to display functions associated with an

inflammatory response and/or have raitogenic activities.

pAT 237 is a hematopoietic cell-specific induced gene. The predicted protein
encoded by pAT 237 is 18.5 kdaltons, cysteine-rich, contains an apparent N-
terminal hydrophobic leader sequence, no transmembrane domain, and a potential
N-linked glycosylation site. Thus, it is highly likely that pAT 237 encodes a

lymphokine. In addition, the cDNA features a 400 b.p. 5' non-translated region
and five out-of-frame ATG codons. Such a structure is uniquely characteristic
of lymphokine and oncogene messages. pAT 237 demonstrates no homology to known
lymphokines although the cysteine-rich nature of the protein is reminiscent of

the T cell growth factor, p40 (Van Snick et al. 1989, JEM 169:363). The bio-
chemical properties of this protein are currently being assayed using two anti-
peptide antibodies derived from amino- and carboxy-terrainal regions of the
protein.

pAT 225 was the most frequently isolated gene in the subtracted library, and it

is induced in both growth-activated fibroblasts and T cells. pAT 225 encodes a

predicted protein of 56 kdaltons, and importantly, this protein contains a

region with 3 apparent zinc finger structures. pAT 225 demonstrates approxi-
mately 85% nucleic acid homology to a gene isolated from both serum-treated
murine 3T3 cells (EGR-1, Krox 24) and nerve growth factor-treated rat PC-12
cells (NGF-la) , and thus is likely the human homologue of the previously-
described rodent genes. The association of zinc finger structures in other
genes with DNA binding activity and transcriptional activation of specific
target genes strongly suggests that pAT 225 encodes a transcription factor.

pAT 416 is induced in both growth factor activated fibroblasts and in mitogen-
treated T cells. pAT 416 appears to encode a DNA binding protein similar to
steroid receptors.

Gene Regulation Studies

We have chosen pAT 464 and 744 to initiate gene regulation studies. We antici-
pate that these genes will encode functionally interesting proteins. We have
isolated multiple genomic clones for pAT 464 and 744. Mapping of these clones
has revealed that the two genomic loci are linked; i.e. separated in the genome
by approximately 8 kilobases. The location of exons within the pAT 464 and 744
genomic loci has been established by the use of oligonucleotide probes and
subsequent sequencing. Approximately 1.2 kilobases of sequence has been
determined 5' to the first exon of pAT 744. This sequence features a canonical
TATA and CAT box in addition to a concensus cAMP responsive element and multiple
elements commonly found upstream in Ijnnphokine genes (PuPuPuPuTTPyCAPy) . The
pAT 744 upstream sequence has been connected to a CAT reporter gene. Such a
hybrid gene shows appropriate inducibility following treatment of transfected
Jurkat cells with activating agents.
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SUMMARY STATEMENT
ANNUAL REPORT

DERMATOLOGY BRANCH
DCBD, NCI

October 1, 1988 through September 30, 1989

The Dermatology Branch conducts both clinical and basic research
studying the etiology, diagnosis and treatment of inflammatory and malignant
diseases involving the skin and the host's response to these diseases. The
basic research involves biochemical as well as biological studies of skin and
is subdivided into six separate, though frequently interacting, areas. The
Branch also serves as Dermatology Consultant to all other services of the
Clinical Center (approximately 1500 patients are seen in consultation each
year) . The main research achievements of the Dermatology Branch for the past
year are as follows:

Immunopathologic Mechanisms Involved in Inflammatory and Neoplastic Skin
Diseases :

We have continued our studies of the immunological functions of cells of the
epidermis. We have found that when murine epidermal Langerhans cells are
cultured for 2-3 days they become very potent antigen presenting cells for
hapten modified self as well as for protein antigens. When cultured, these
cells express 10-18 times as much Class II antigen as do freshly prepared
cells. Utilizing these cells in primary immune responses in vitro , we found
that the T cells responded preferentially to the hapten to which they were
"primed." We have produced T cell lines from these in vitro sensitized cells
and have found that during the first few stimulations the primed T cells
produce mainly IL-2, however after multiple stimulations they produce mainly
IL-4 and not IL-2. Utilizing this in vitro sensitization system, we have
recently attempted to generate primary in vitro responses to tumor-associated
antigens. We have utilized the Friend Leukemia Virus associated gp-70 protein
but have been unable to detect any antigen processing or presentation by
cultured or freshly prepared epidermal Langerhans cells

.

We have also initiated studies in human beings in which we will attempt to
generate primary T cell responses in vitro. We have demonstrated that
cultured Langerhans cells exhibit increased class II MHC molecules and are
potent alloantigen presenting cells. We will assess their ability to present
protein antigens and then attempt to generate primary in vitro responses to
viral-or tumor-associated antigens.

Studies assessing the effects of cyclosporins A (CSA) on antigen presenting
and accessory cell functions of Langerhans cells have demonstrated that CSA
interacts with Langerhans cells after a 2 hour incubation and renders them
(Langerhans cells) relatively unable to perform many of the T cell stimulatory
functions. In addition, CSA has a profound effect on the proliferation of
epidermal cells. We have also studied the effects of dexamethasone on
epidermal Langerhans cells. From these in vitro studies, it appears that
dexamethasone is cytolytic to a subpopulation of Langerhans cells. In studies
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comparing the effects of dexamethasone and cyclosporine on the activation of T

cells, we have demonstrated a differential effect of the two. That is, using
various activation signals, it is clear that phojbol and ionomycin activation
of T cells cannot be inhibited by dexamethasone, whereas it is completely
blocked by cyclosporine.

Molecular Basis of Autoimmune Skin Diseases :

This laboratory studies autoantibody-mediated skin diseases in order to
further our understanding not only of the pathophysiology of these diseases
but also of the structure and function of normal epidermis and epidermal
basement membrane zone. Specifically, antibodies in these diseases define
molecules in the normal epidermis. We have characterized the antigens defined
by antibodies in the sera of patients with three of these diseases: bullous
pemphigoid (BP)

,
pemphigus vulgaris (PV) and pemphigus folaceus (PF)

.

We have determined, with immunochemical methods, that the BP antigen is a 230
kD protein with a pi of 8 . The sera of almost all patients with BP bind to
this polypeptide, and, therefore, immunoprecipitation can be used as a
diagnostic technique. With antibody screening of a Agtll expression cDNA
library derived from cultured human keratinocytes , we have isolated a cDNA
clone encoding the C-terminal end of this antigen. We are using this cDNA as
a probe to find the full length cDNA for BP antigen. The encoded peptide is
not homologous to any known protein.

We have also characterized, by immunochemical methods, the PV and PF antigen
complexes extracted from normal human epidermis, and shown that they contain
the adhering junction molecules desmoglein (PF antigen) and plakoglobin (both
antigens). Thus, in diseases of defective cell adhesion, autoantibodies are
directed against adhering junction components.

Molecular and cell biology of immunoreactive molecules in the Skin :

We have recently established a laboratory whose primary purpose is to
elucidate the molecular mechanisms regulating the expression of immunoreactive
molecules in the skin. ICAM-1, or intercellular adhesion molecule-1, is a
cell surface protein that is the major ligand for LFA-1, or lymphocyte
function associated antigen- 1, an anchoring receptor on all T cells whose
interaction with ligand is critical for proper T-cell function. Cutaneous T-
cell inflammatory and neoplastic diseases may depend upon the regulation of
ICAM-1 expression by various cells in the skin. We have established that
human keratinocytes (HK) in culture do not normally express ICAM-1, and that
exposure of HK to human interferon- gamma (IFN) or tumor necrosis factor-alpha
(TNF) , two biologic response modifiers (BRM) , results in the rapid induction
of ICAM-1 mRNA expression, protein biosynthesis, and surface expression.

We have also demonstrated that human dermal microvascular endothelial cells
(HDMEC) constitutively express ICAM-1, that this expression can be rapidly
upregulated both at the level of mRNA and in surface expression by exposure to
human interleukin-1 (IL-1) . We have also found that specific T-cell binding
to HDMEC in vitro is dependent upon ICAM-1 expression by HDMEC and can be
upregulated as well by factors which increase ICAM-1 expression.
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We have established that ICAM-1 expression in HK, and HDMEC is regulated at

the level of gene transcription and we have isolated a 19 kb genomic clone
containing portions, if not all, of the ICAM-1 gene. Mapping and sequencing
of the 5' flanking regulatory region of this genomic clone of ICAM-1 has been
partially completed.

Therapy of Skin Cancer and Disorders of Keratinization :

We are continuing to evaluate safety and effectiveness of new oral and topical
agents particularly the synthetic retinoids, in the treatment of skin cancer,
disorders of keratinization and cystic acne as well as in the prevention of
cancer.

Seven patients with xeroderma pigmentosum were entered into a cancer
chemoprevention study using isotretinoin: results indicate significant
partial inhibition of new tumor formation during therapy and a marked increase
in new tumor formation after therapy. Long-term therapy with low-dose
isotretinoin is now being used for cancer chemoprevention in these patients.
The need for continuous maintenance therapy for chemoprevention of skin cancer
with isotretinoin may vary with the underlying etiology (genetic or
environmental) of the patient's tumors.

Retinoid hyperostosis, a variant form of diffuse idiopathic skeletal
hyperostosis, was observed in patients with multiple basal cell carcinomas
treated with high doses (1.5 mg/kg/day or higher) of isotretinoin for a

minimum of 2 years. Severity of this disorder, defined by anterior spinal
ligament calcification and osteophyte formation at 2 or more vertebral levels
without disc space narrowing, appeared to be dose -dependent. Isotretinoin
induced calcification of both spinal ligaments and extraspinal ligaments and
tendons. Sixty percent of acne patients with moderate doses of isotretinoin
for 9 months also developed vertebral osteophytes. Extraspinal tendon and
ligament calcification also occurred commonly after chronic therapy for
psoriasis and disorders of keratinization with etretinate, an aromatic
retinoid. The usual sites of involvement were the ankles, pelvis and knees.

Studies of DNA Repair in Normal Human Cells from Patients with Xeroderma
Pigmentosum and Neurodegenerative Disorders :

We are continuing our studies of the role of DNA repair processes in cancer,
aging and neurodegenerative disorders. In collaboration with Dr. Kenneth H.

Kraemer, we are continuing to transfect human lymphoblastoid cell lines with a

plasmid (pRSVcat) which contains the bacterial cat gene coding for
chloramphenicol acetyltransferase. The plasmid is previously irradiated with
different doses of 254-nm UV. Then, in order to evaluate the repair of dimer
and nondimer photoproducts , aliquots containing the irradiated plasmid are
treated with photoreactivating enzyme ( E. coli photolyase) and light, a

treatment which monomerizes the UV- induced cyclobutane-type of pyrimidine
dimer and leaves only nondimer photoproducts. We now have evidence that at
least some Cockayne syndrome fibroblast strains, like XP fibroblast strains,
are unable to repair not only pyrimidine dimers but also nondimer
photoproducts induced in the plasmid by UV.
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In collaboration with Dr. Vilhem A. Bohr and Dr. Michele K. Evans, we are
studying the repair of ultraviolet radiation (UV- induced cyclobutane
pyrimidine dimers in an active housekeeping gene (the dihydrofelate reductase
[DHFR] gene) as opposed to the conventional study of repair in the genome
overall. In this procedure, isolated DNA from fibroblasts is restricted,
separated from replicated DNA, nicked at dimers with T-4 endonuclease V,

electrophoresed in alkaline agarose, and subjected to Southern hybridization.
We have studied normal and XP group A, C, and F fibroblast strains. We have
found all the XP strains to have defective removal of dimers from the DHFR
gene. The cells' relative capacity to repair the gene is the same as their
relative capacity to perform UV- induced unscheduled DNA synthesis in the
genome overall and does not correlate with the cells' relative ability to
survive the lethal effects of UV. These studies show that removal of dimers
from an active gene is not required for high survival, since the relatively
UV- resistant group F strain showed virtually no dimer removal. Our results
indicate that some lesions (s) other than dimers are likely to be important in
UV lethality. We plan to adapt the active -gene -repair assay to monitor the
repair of nondimer lesions induced by UV, for example, the 6-4 photoproduct

.

We plan also to study active gene repair in Cockayne syndrome cells in an
attempt to confirm reports of others that in Cockayne syndrome there is
defective DNA repair in active genes but not in the genome overall.

Chemistry. Structure, and Biosynthesis of Mammalian Epidermal Keratin
Filaments :

We are continuing our studies on the biosynthesis, structure and functions of
epidermal cytoskelatal proteins, the principal products of human and mouse
epidermis. We are using NMR techniques to study the nature of the molecular
interaction of keratin filaments and filaggrin, which is an important
filament-associated protein in the epidermis. Keratin filaments isotopically
labeled with glycine (for end domains) and glutamic acid or lysine (for rod
domains) are complexed with filaggrin. Changes in the molecular motions of
the filaments will provide information on their mode of interaction with
filaggrin. Preliminary data suggests the molecular motions of the glycine
regions are unchanged, implying indirectly that filaggrin interacts with the
rod domains. Experiments in progress with lysine -or glutamic acid- labeled
filaments should provide more direct evidence for this mechanism.

Many cDNA clones to human filaggrin have now been isolated and sequenced. The
human filaggrin gene encodes a polyprotein containing a large number of
filaggrin repeats arranged in tandem. Sequencing has shown that these repeats
are highly polymorphic but conserved in size. Also, the gene from different
individuals contain differing numbers of repeats. In collaboration with Dr.
Lessin, we have localized the human gene to chromosome lq21 region. Attempts
are now underway to isolate the human gene in order to define regulatory
sequence regions by use of CAT assays and eventually production of transgenic
mice bearing the human gene

.

We have isolated, cloned and sequenced the gene for the major human cornified
cell envelop proteins, named loricrin. Fragments of this gene are now being
subcloned into CAT vectors to define regulatory regions. In collaboration
with Dr. Dennis Roop , the clones bearing the complete gene will be used for
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the production of transgenic mice. In collaboration with Dr. Ron Chung, we
have begun to isolate and characterize cDNA clones for epidermal
transglutaminase, the enzyme which cross -links the loricrin to the cell
envelop. In addition, we have synthesized peptides corresponding to loricrin
sequences for in vitro transglutaminase assays, and ^H- lysine- labeled cross-
linked peptides of loricrin from labeled foreskins will be characterized to
define the structural organizational of loricrin in the cell envelop.
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SUMMARY OF WORK (Use atandara unrectucett type. Do not exceed the apace provided.) ihe major area Ot Stuay or
this laboratory is the role of the epidermis as an immunological organ. We
have found that epidermal Langerhans cells are derived from precursor cells in
the bone marrow and play an essential role in many of the immunological
reactions affecting the skin. We have also identified an epidermal
Interleukin 1-like cytokine which may serve as a second signal in the
generation of T cell responses as well as a proinflammatory agent affecting
other cells - especially neutrophils. We have demonstrated that when murine
epidermal Langerhans cells are cultured for 2-3 days they become very potent
antigen presenting cells compared to freshly prepared Langerhans cells . We
have therefore utilized cultured Langerhans "cells for the generation of
primary immune responses in resting unsensitized T cells. We have
demonstrated that when cultured cells are modified with hapten, they can
generate primary immune responses. The sensitized T cells thus generated
respond preferentially to the same hapten in vitro . We have, therefore,
attempted to utilize this system for the generation of primary in vitro
responses to tumor-associated antigens such as the Friend Leukemia Virus
associated gp-70. We are also currently assessing the feasibility of
performing these studies in cells derived from human beings. Preliminary
studies demonstrate that cultured human Langerhans cells have enhanced antigen
presenting capacity. The other major focus of this laboratory has been the
study of the function of class II MHC bearing keratinocytes which appear in

I

humans and mice during cell-mediated reactions in the skin. We have

I

demonstrated that these cells can 1) present peptide fragments to T cell
hybridomas , 2) serve as targets for class II specific cytotoxic T lymphocytes,
and 3) induce secondary alloreactive T cell responses, although the first and
third are performed only poorly. Our recent studies demonstrate that these
class II bearing keratinocytes induce specific immunological unresponsiveness
in cloned T cells and in

'

vivo in contact sensitized mice.
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Project Description

Major Findings :

We have found that when murine epidermal Langerhans cells are cultured for 2-3

days they become very potent antigen presenting cells for hapten modified self
as well as for protein antigens. When cultured, these cells express 10-18

times as much Class II antigen as do freshly prepared cells. Utilizing these
cells in primary immune responses in vitro . we found that the T cells
responded preferentially to the hapten to which they were "primed." We have
produced T cell lines from these in vitro sensitized cells and virtually all
of them produce IL-4 as opposed to IL-2. We have found that during the first
few stimulations, the primed T cells produce mainly IL-2, however after
multiple stimulations they produce mainly IL-4 and not IL-2. Utilizing this
in vitro sensitization system, we have recently attempted to generate primary
in vitro responses to tumor-associated antigens. We have utilized the Friend
Leukemia Virus associated gp-70 protein but have been unable to detect any
antigen processing or presentation by cultured or freshly prepared epidermal
Langerhans cells

.

We have also initiated studies in human beings in which we will attempt to

generate primary T cell responses in vitro. We have demonstrated that
cultured human Langerhans cells exhibit increased class II MHC molecules and
are potent alloantigen presenting cells. We will assess their ability to

present protein antigens and then attempt to generate primary in vitro
responses to viral-or tumor- associated antigens.

We have continued our studies of the murine thy 1"*" dendritic epidermal cells
which are bone marrow derived. Using freshly isolated cells in C3H mice we
found that they expressed the protein products of the 76 -like T cell receptor
heterodimers and the associated T3 components. These findings conclusively
characterize these cells of being of T cell lineage. We are currently
assessing the role of the epidermis in the expression of the T cell receptor-
T3 complex.

Other major interests and studies include 1) those characterizing the

functions of class II -MHC bearing keratinocytes , and 2) the assessment of the

effect of cyclosporine A on the antigen-presenting and accessory cell
functions of Langerhans cells and on the activation of T cells . With regard
to the former, we have developed techniques which can deplete Langerhans cells
from class II bearing keratinocytes so that the function of these
keratinocytes, which are induced by injecting interferon gamma, can be
assessed. We found that they function 1) as targets for class II specific
cytotoxic T cells, 2) as weak stimulators in secondary allogeneic T cell
proliferative responses, and 3) poorly in the presentation of small peptide
antigens to T cell hybridomas . We have also demonstrated that these class II

bearing keratinocytes when hapten-coupled, induce specific immunological
unresponsiveness in hapten-specific T cell clones. Our most recent studies
indicate that class II bearing keratinocytes can induce tolerance to various
haptens in vivo.
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Studies assessing the effects of cydosporine A (CSA) on antigen presenting
and accessory cell functions of Langerhans cells have demonstrated that CSA
interacts with Langerhans cells after a 2 hour incubation and renders them
(Langerhans cells) relatively unable to perform many of the T cell stimulatory
functions. In addition, CSA has a profound effect on the proliferation of

epidermal cells. We have also studied the effects of dexamethasone on
epidermal Langerhans cells. From these in vitro studies, it appears that
dexamethasone is cytolytic to a subpopulation of Langerhans cells. In studies
comparing the effects of dexamethasone and cydosporine on the activation of T

cells, we have demonstrated a differential effect of the two. That is, using
various activation signals, it is clear that phorbol and ionomycin activation
of T cells cannot be inhibited by dexamethasone, whereas it is completely
blocked by cydosporine.

Publications :

Sakamoto K, Sachs DH, Shimada S, Popitz-Bergez , FA, Pennington, LR, Pescovitz,
MD, McDonough MA, MacVittie TJ , Katz SI, Cress RE. Bone marrow transplan-
tation in miniature swine, Transplantation 1988;45:869-875.

Furue M, Katz SI. Molecules on activated hiaman T cells. Am J Dermatopath
1988;10:349-355.

Hauser C, Katz SI. Activation and expansion of hapten- and protein-specific T

helper cells from nonsensitized mice, Proc Nat Acad Sci 1988;85:5625-5628.

Gaspari AA, Jenkins MK, Katz SI. Class II major histocompatibility
complex bearing keratinocytes induce antigen specific unresponsiveness
in hapten-specific Th^ clones, J Immunol 1988;141:2216-2220.

Aberer W, Katz SI. Effects of in vivo administration of anti-la antibodies on
contact sensitivity, Arch Derm 1989;125:280-284.

Hauser C, Snapper CM, Ohara J, Paul WE, Katz, SI. T helper cells grown with
hapten-modified cultured Langerhans' cells produce interleukin 4 and stimulate
IgE synthesis, Eur J Immunol (in press).

Furue M, Katz SI. Direct effects of glucocorticosteroids on epidermal
Langerhans cells, J Invest Derm 1989;89:342-347.

Kusuda M, Gaspari AA, Chan C -C, Gery I, Katz SI. Expression of la antigen by
ocular tissues of mice treated with interferon gamma, Investigational
Ophthalmology and Visual Science (in press).

Hall RP, Sanders ME, Duquesnoy RJ , Katz SI, Shaw SS . Alterations in HLA-DP
and -DQ antigen frequency in patients with dermatitis herpetiformis, J Invest
Derm (in press)

.
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The general and long-term goal of my laboratory is to study
autoantibody-mediated skin diseases in order to further our understanding not
only of the pathophysiology of these diseases but also of the structure and
function of normal epidermis and epidermal basement membrane zone.
Specifically, antibodies in these diseases define molecules in the normal
epidermis. We are characterizing the antigens defined by three of these
diseases: bullous pemphigoid (BP)

,
pemphigus vulgaris (PV) , and pemphigus

foliaceus (PF)

.

We have determined, with immunochemical methods, that the BP antigen is

a 230 kD protein with a pi of 8. Almost all patients with BP bind to this
polypeptide, and, therefore, immunoprecipitation can be used as a diagnostic
technique. With antibody screening of a Agtll expression cDNA library derived
from cultured human keratinocytes , we have isolated a cDNA clone encoding the
C- terminal end of this antigen. We are using this cDNA as a probe to find the
full length cDNA for BP antigen.

We have also characterized, by immunochemical methods, the PV and PF
antigen complexes extracted from normal human epidermis, and shown that they
contain the adhering junction molecules desmoglein (PF antigen) and
plakoglobin (both antigens). Thus, in diseases of defective cell adhesion,
autoantibodies are directed against adhering junction components.
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Project Description

Major Findings :

Bullous pemphigoid (BP) antigen is a 230 kD protein with pi of 8.

A cDNA encoding the C-terminal 1/2 of BP antigen has been isolated. By
epitope selection, antibodies that bind the polypeptide encoded by this clone
also bind the 230 kD antigen. The encoded peptide is not homologous to any
other known basement membrane (or other) proteins.

Antibodies from pemphigus foliaceus (PF) patients bind a complex of
polypeptides that includes desmoglein, a core desmosomal glycoprotein, and
plakoglobin, a protein found in the dense plaques of both desmosomes and
adherens junctions.

Antibodies from pemphigus vulgaris (PV) patients bind a complex of
polypeptides that contains a 130 kD glycoprotein and plakoglobin.

The diagnosis of PF and PV can be made by immunoprecipitation of their
respective antigens

.

Publications :

Stanley JS: The enigma of fogo selvagen. J Am Acad Dermatol 1989;20:575-676.

Koulu L, Stanley JR: Clinical, histologic and immunopathologic comparison of
pemphigus vulgaris and pemphigus foliaceus. Seminars in Dermatol 1988; 7:82-
90.

Parodi A, Stanley JR, Ciaccio M, Rebora A: Epidermal antigens in pemphigus
vegetans. Br J Dermatol 1988;119:799-802.

Stanley JR, Tanaka TT, Mueller SM, Klaus-Kovtun V, Roop D: Isolation of cDNA
for bullous pemphigoid antigen by use of patients' autoantibodies. J CLin
Invest 1988;82:1864-1870.

Mueller S, Klaus-Kovtun V, Stanley JR: A 230-kD basic protein is the major
bullous pemphigoid antigen. J Invest Dermatol 1989;92:33-38.

Matsuoka LY, Wortsman J, Stanley JR: Epidermal autoantibodies in erythema
multiforme. J Am Acad Dermatol (in press).

Stanley JR: Pemphigus and pemphigoid as paradigms of organ-specific
autoantibody-mediated diseases. J Clin Invest 1989;83:1443-1448.
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SUMMARY OF WORK CUM standard unraducati typa. Do not axcaad tt>a spaca providad.)

Seven patients with xeroderma pigmentosum were entered into a cancer
cheraoprevention study using isotretinoin: results indicate significant
partial inhibition of new tumor formation during therapy and a marked increase
in new tumor formation after therapy. Long-term therapy with low- dose
isotretinoin is now being used for cancer chemoprevention in these patients.
The need for continuous maintenance therapy for chemoprevention of skin cancer
with isotretinoin may vary with the underlying etiology (genetic or
environmental) of the patient's tumors. Retinoid hyperostosis, characterized
by anterior spinal ligament calcification and osteophyte formation of
vertebrae and extraspinal tendon and ligament calcification, has been observed
in patients treated with long-term, high-dose isotretinoin. Sixty percent of

acne patients with moderate doses of isotretinoin for 9 months also developed
vertebral osteophytes. Due to storage in fat, seriom levels of etretinate can
be measured for prolonged periods (> 2 years) after discontinuation of

therapy.

Suicidal ideation is a potential problem in patients with chronic disfiguring
dermatoses, such as Darier's disease. Seven of 11 patients with Darier's
disease had a history of suicidal thoughts, plans or attempts. In a control
group of 11 patients with lamellar ichthyosis and similar disorders, 3

patients had suicidal thoughts or plans.

One patient with multiple skin cancers developed an adverse drug reaction to

fenretinide, a synthetic retinoid. The reaction included diarrhea, elevated

liver function tests and a morbilliform skin eruption.

301
PHS 6040 (Rev 1/84) spo (wtii



ZOl CB 03659-15 D

Project Description

Major Findings :

Two patients with a history of multiple basal cell carcinomas were treated
with oral isotretinoin for 7-8 years with inhibition of new tumor formation.

After treatment was stopped in order to determine the need for chronic

therapy, one patient with the nevoid basal cell carcinoma syndrome developed
29 tumors within 13 months. The second patient with arsenic- induced tumors

developed one new tumor as of the 42 -month visit. This indicates that the

need for continuous maintenance therapy for chemoprevention of skin cancer
with isotretinoin may vary with the underlying etiology (genetic or

environmental) of the patients tumors. The efficacy of isotretinoin at high
dose as a chemopreventive agent is being studied further in a series of 7

patients with xeroderma pigmentosum and nevoid basal cell carcinoma syndrome.

Preliminary results indicate significant partial, but not complete, efficacy
in inhibiting new tumor formation. Furthermore, impressive increases in the

rate of new tumor formation have been observed after stopping therapy. Low-

dose isotretinoin is now being used in these patients in order to minimize
toxicity.

Retinoid hyperostosis, a variant form of diffuse idiopathic skeletal
hyperostosis, was observed in patients with multiple basal cell carcinomas
treated with high doses (1.5 mg/kg/day or higher) of isotretinoin for a

minimum of 2 years. Severity of this disorder, defined by anterior spinal
ligament calcification and osteophyte formation at 2 or more vertebral levels
without disc space narrowing, appeared to be dose -dependent. Isotretinoin
induced calcification of both spinal ligaments and extraspinal ligaments and
tendons. Extraspinal tendon and ligament calcification also occurred commonly
after chronic therapy for psoriasis and disorders of keratinization with
etretinate, an aromatic retinoid. The usual sites of involvement were the
ankles

,
pelvis and knees

.

Detectable serum concentrations of etretinate were observed for more than two

years following discontinuation of therapy. The median half- life of
etretinate in the serum was calculated to be 12.5 weeks - overweight patients
tended to have shown elimination, maintain higher serum concentrations and
clear etretinate later.

Suicidal ideation is a potential problem in patients with chronic disfiguring
dermatoses, such as Darier's disease. Seven of 11 patients with Darier's
disease had a history of suicidal thoughts, plans or attempts. In a control
group of 11 patients with lamellar ichthyosis and similar disorder, 3 patients
had suicidal thoughts or plans.

One patient with nevus comedonicus covering most of the left side of his trunk
had an inadequate response to isotretinoin but responded excellently to

topical ammonium lactate lotion.
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One patient with multiple skin cancers developed an adverse drug reaction to
fenretinide, a synthetic retinoid. The reaction included diarrhea, elevated
liver function tests and a morbilliform skin eruption.

Publications :

Sarnoff DS , Peck GL. Therapy of basal cell carcinoma. In: Magrath IT, ed.
New Directions in Cancer Treatment. New York: Springer-Verlag, 1989 ; 541-545

.

Milton GP, DiGiovanna JJ , Peck GL. Treatment of nevus comedonicus with
ammonium lactate lotion, J Am Acad Dermatol 1989;20:324-328.

Kraemer KH, DiGiovanna JJ , Moshell AN, Tarone RE, Peck GL. Prevention of skin
cancer with oral 13-cis-retinoic acid in xeroderma pigmentosum, New Eng J Med
1988;318:1633-1637.

Peck GL, DiGiovanna JJ , Sarnoff DS , Gross EG, Butkus D, Olsen T, Yoder F.

Treatment and prevention of basal cell carcinoma with isotretinoin, J Am Acad
Dermatol 1988;19:176-185.

DiGiovanna JJ , Zech LA, Ruddel ME, Gantt G, Peck GL. Etretinate: persistent
ser\im concentrations after long-term therapy, Arch Dermatol 1989;125:246-251.

Wolfish PS, Peck GL. Discussion of Problems 27-35: Retinoid Therapy. In:
Problems in Dermatologic Diagnosis and Management. Lambert WC , ed. Evanston,
American Academy of Dermatology, 1988 ; 160-161.

Denicoff KD, Rubinow DR, Peck GL. Suicidal ideation in Darier's disease and
realted disorders, J Am Acad Dermatol (in press).
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SUMMARY OF WORK (Uaa sttntimn unnOucaa typm. Do not txcauO tfw »p«c» pmnxttO.) This project proposed to
morphologically and biochemically define the mechanism of action of vitamin A
and its derivatives (retinoids) in altering epidermal differentiation in
normal skin and in benign and malignant lesions of skin. Topical alltrans
retinoic acid, but not systemic 13-cis-retinoic acid, increased gap junction
density and decreased desmosome density in treated basal cell carcinomas.
This indicates that topical and systemic retinoids may exert their
antineoplastic activity by different cellular mechanisms.

A specific cytosol retinol binding protein (CRBP) has been identified in
normal human skin, newborn mouse skin and human skin from patients with
Darier's disease, psoriasis and basal cell carcinomas. A specific cytosol
retinoic acid binding protein (CRABP) has also been identified in newborn
mouse and normal human adult skin and newborn foreskin. The qualitative and
quantitative distribution between the epidermis and dermis of both CRBP and
CRABP has been determined in adult human lower limb skin.

Using molecular hybridization probes specific for transcripts of
individual keratin genes, keratin gene expression in skin cancer and cutaneous
disorders of keratinization indicate the following. In contrast to normal
epidermis where the expression of proliferation-associated keratin genes is
suppressed after cells migrate from the basement membrane, hyperproliferative
disorders of the epidermis exhibit inappropriate expression of proliferation-
associated keratin genes in the more superficial layers of the epidermis. In
addition, skin cancers fail to express differentiation-associated keratins,
indicative of their undifferentiated state.

Utilizing in situ hybridization techniques and specific probes,
filaggrin production is being characterized in skin from normal persons and
from a variety of disorders of keratinization.

30A
PHS 6Ot0 (R«v U84) e*o«i4-«ii



ZOl CB 03630-19 D

Project Description

Major Findings :

A project studying keratin gene expression in skin cancer and cutaneous
disorders of keratinization has been initiated. The study employes molecular
hybridization probes that are specific for transcripts of individual keratin
genes. The transcripts are localized at the cellular level within frozen
sections by in situ hybridization with 35-S labeled RNA probes. Diseases
studied to date include Darier's disease, psoriasis, lamellar ichthyosis,
basal cell carcinoma and squamous cell carcinoma. Preliminary findings
suggest that, in contrast to normal epidermis where the expression of
proliferation-associated keratin genes is suppressed after cells migrate from
the basement membrane, hyperproliferative disorders of the epidermis exhibit
inappropriate expression of proliferation-associated keratin genes in the more
superficial layers of the epidermis. In addition, skin cancers fail to

express differentiation-associated keratins, indicative of their
undifferentiated state. Recent experiments on normal skin indicate a

sequential expression of differentiation-associated keratins (Kl, KIO)

.

Utilizing in situ hybridization techniques and specific probes, filaggrin
production is being characterized in skin from normal persons and from a

variety of patients with disorders of keratinization.

305



DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT ZOl CB 03638-20 D

''^^Jc toSe^r ^1 , 1988 to September 30, 1989

TITLE OF PR0JECTi8CL<VWC»'' o' '«"• ^'* ""W ''' °" °'" ""* "efwa*" fo Oorden.)
Studies of UNA Repair m Human Degenerative Diseases

^INCIPAL ItJVESTIGATOR (Liat othw on^assional oanonnal batow ma Pnnapal Invastigator.UNama, titta. laOoratory. and instituta attlllatlon)

PI: J. H. RoBbins, Tl.D. , Dermatology Branch, DCBD, NCI

OTHER: V. A. Bohr, M.D., Senior Investigator, LMPH, DCT, NCI
M. Dizdaroglu, Ph.D. , Research Chemist, NIST
A. J. Fornace, Jr., M.D., Senior Investigator, RO, NCI
K. H. Kraemer, M.D. , Senior Investigator, LMC , DCE, NCI
L. Seguin, Ph.D., Consultant, D., DCBD, NCI
R. E. Tarone, Ph.D., Mathematical Statistician, BB, DCE, NCI

COOPERATING UNITS (it any] ,Laboratory of Molecular Pharmacology, DCT, NCI; Laboratory of Molecular
Carcinogenesis, DCE, NCI; Radiation Oncology Branch, DCT, NCI; Biostatistics
Branch, DCCP, NCI

L>B/BRANCH
Dermatology Branch

INSTITUTE AND LOCATION
NCI, NIK, Bethesda, Maryland 20892

TOTAL MAN-YEARS:,T^L^, PR0PESSK3NAU
1. 2.0

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues D (c) Neither

D (al) Minors ^

D (a2) Interviews

SUMMARY OF WORK (Uaa standaid unnducad typm. Do not axcamd ma apaca pnjvtdad.)

Studies in this laboratory
are designed to elucidate the role of DNA repair processes in carcinogenesis
and in normal and abnormal aging and in neurodegeneration. Most studies have
been conducted with cells from patients with xeroderma pigmentosum (XP) , who
have defective DNA repair plus multiple cutaneous malignancies and premature
aging of sun-exposed skin and of the nervous system. Cells from patients
with primary neuronal, muscular, and retinal degenerations are also being
studied. These diseases include ataxia telangiectasia, Alzheimer disease,
Parkinson disease, Huntington disease, Duchenne muscular dystrophy, retinitis
pigmentosa, Friedreich ataxia, and Cockayne syndrome (CS) . These studies are
designed to elucidate the pathogenesis of these disorders. We assess the
biological effectiveness of DNA repair by 1) in vitro assays of cell survival
after treatment of the cells with DNA-damaging agents; 2) analysis of
chromosome and chromatid aberrations in cells treated with DNA-damaging
agents; and 3) transfection studies using irradiated plasmids. We search for
DNA damage by 1) extracting the DNA and having it subjected to analysis by
capillary gas chromatography-mass spectrometry; 2) studying unscheduled DNA
synthesis induced in the overall genome of cultured cells by chemical
carcinogens; and 3) studying DNA repair within an active gene. We search in
patient cells for abnormalities in DNA-repair genes and in their DNA-damage-
inducible transcripts using cDNA probes in Southern and Northern blot
hybridization studies.

.30(7
PHS 6040 (Rev 1/84) SPaai4>*i>



ZOl CB 03638-20 D

Project Description

Major FindinEs :

In collaboration with Dr. Vilhem A. Bohr and Dr. Michele K. Evans, we are
studying the repair of ultraviolet radiation (UV)- induced cyclobutane
pyrimidine dimers in an active housekeeping gene (the dihydrofolate reductase
[DHFR] gene) as opposed to the conventional study of repair in the genome
overall. In this procedure isolated DNA from fibroblasts is restricted,
separated from replicated DNA, nicked at dimers with T-4 endonuclease V,

electrophoresed in alkaline agarose, and subjected to Southern hybridization.
We have studied normal and XP group A, C, and F fibroblast strains. We have
found all the XP strains to have defective removal of dimers from the DHFR
gene. The cells' relative capacity to repair the gene is the same as their
relative capacity to perform UV- induced unscheduled DNA synthesis in the
genome overall and does not correlate with the cells' relative ability to
survive the lethal effects of UV. These studies show that removal of dimers
from an active gene is not required for high survival, since the relatively
UV-resistant group F strain showed virtually no dimer removal. Our results
indicate that some lesions (s) other than dimers is likely to be important in
UV lethality. We plan to adapt the active -gene -repair assay to monitor the
repair of nondimer lesions induced by UV, for example, the 6-4 photoproduct.
We plan also to study active -gene -repair in Cockayne syndrome cells in an
attempt to confirm reports of others that in Cockayne syndrome there is

defective DNA repair in active genes but not in the genome overall.

In collaboration with Dr. Kenneth H. Kraemer, we are continuing to transfect
human lymphoblastoid cell lines with a plasmid (pRSVcat) which contains the
bacterial cat gene coding for chloramphenicol acetyltransferase. The plasmid
is previously irradiated with different doses of 254-nm UV. Then, in order to

evaluate the repair of dimer and nondimer photoproducts , aliquots containing
the irradiated plasmid are treated with photoreactivating enzyme ( E. coli
photolyase) and light, a treatment which monomerizes the UV- induced
cyclobutane- type of pyrimidine dimer and leaves only nondimer photoproducts.
We now have evidence that at least some Cockayne syndrome fibroblast strains,
like XP fibroblast strains, are unable to repair not only pyrimidine dimers
but also nondimer photoproducts induced in the plasmid by UV.

With Dr. Albert J. Fornace, Jr., we have studied DNA from normal and UV-
sensitive cells in Southern analysis using a total of 9 different cDNA probes
which encode UV- inducible transcripts in mammalian cells. One of our goals is

to find evidence for defects in the relevant gene in certain UV- sensitive cell
strains. We have found no significant complications due to polymorphisms. We
have not yet found an abnormality in any of the 9 relevant genes tested for so

far. We are also studying the expression of 2 transcripts which are induced
in normal human cells and in radiosensitive ataxia telangiectasia cells by
several DNA-damaging agents including X rays and growth arrest. Since ataxia
telangiectasia cells have abnormalities in arrest of DNA synthesis after
treatment with ionizing radiation, we should be able to determine whether or
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not these DNA-damage- inducible genes are abnormally regulated in the ataxia
telangiectasia cells.

We have concluded our collaboration with John Nove and Dr. John B. Little
(Harvard University School of Public Health) into the post-X-ray survival
capacity of fibroblast strains from patients with the neurodegenerative
diseases Friedreich ataxia and Alzheimer disease. We . found the Friedreich
ataxia cells to have normal sensitivity, while the Alzheimer disease cells
appeared to be slightly hypersensitive. These results are compatible with the
possibility that Alzheimer disease cells have defective repair of DNA damage
induced by ionizing radiation.

We have performed autoradiographic studies of methylmethane sulfonate (MMS)-
induced unscheduled DNA synthesis in fibroblasts from patients with
amyotrophic lateral sclerosis or group D xeroderma pigmentosum. These studies
are being performed in an attempt to confirm published reports of others that
such fibroblasts are deficient in repairing MMS- induced DNA damage. Our
preliminary results indicate no evidence for such an abnormality in either
cell type.

All XP patients have abnormally increased frequences of UV- induced skin
cancers. It is known that nucleotide excision-repair-deficient XP patients
have abnormally high levels of UV- induced chromosomal aberrations. We are
continuing our studies to determine the levels of such aberrations in cells
from XP variant patients (who have normal levels of nucleoxide excision
repair) . These studies may indicate whether or not abnormal levels of UV-
induced chromosomal aberrations are causally related to the development of
sunlight- induced skin cancer in XP patients. Our results indicate that XP
variant cells have only a minimal, if any, abnormally high level of UV- induced
chromosomal aberrations.

We are continuing our studies with Dr. Miral Dizdaroglu using capillary gas
chromatography-mass spectrometry to detect various types of damage induced in
DNA by free radicals and by ionizing radiation. We are concentrating on
determining the level of such damage which may normally be present in
unirradiated cells in tissue culture and in vivo. Various types of such
damage appear to be present in all preparations of DNA and in many commercial
preparations of the DNA bases (e.g., thymine, adenine and guanine) we have
studied. We have preliminary evidence that such damage is not caused by the
derivatization process used in our assay, and we are now determining whether
or not the hydrolysis to which we subject DNA (to free the bases and
nucleosides we analyze) produces the damage.
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Publications :

Robbins JH. Defective DNA repair in xeroderma pigmentosiim and other
neurologic diseases, Curr Opin Neurol Neurosurg 1988;1:1077-1083.

Robbins JH. A childhood neurodegeneration due to defective DNA repair: a

novel concept of disease based on studies of xeroderma pigmentosum. J Child
Neurol 1989;4:143-146.
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SUMMARY OF WORK (Use standanl unreduced type. Oo not exceed the space provided.)

The biosynthesis, structure and function of the principal differentiation
products of human and mouse epidermis are being studied. Keratin subunits
polymerize in vitro into native- type intermediate filaments. Details of their
structure are being investigated by use of: solid state NMR on isotopically-
labeled filaments; transmission and scanning transmission electron microscopy
of intact filaments or subfilamentous forms; optical diffraction and image
analysis procedures; and limited proteolysis experiments to ascertain
alignment of constituent subunits. Model structures generated by these
methods are being computationally tested for compatibility with other physico-
chemical data and amino acid sequence information on individual subunits.
PCR- generated probes to type I and type II keratins are being used to
characterize the number, organization and complexity of their genes. The
expression of the human keratin genes 1 and 10 are being studied by the
production of transgenic mice produced from various constructs of these genes.
cDNA clones are being used to isolate and characterize the genes for human
filaggrin, which appear to be initially expressed as a very large polyprotein
precursor. Clones encoding a major cell envelop protein have been isolated
and are being sequenced. Constructs of keratins, filaggrin and the cell
envelop protein clones have been assembled with pGEH vectors for use in insitu
hybridization experiments in order to study the expression of these proteins
in epidermal keratinizing disorders.
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Project Description

Major Findings :

The availability of complete amino acid sequences of several keratin chains
has now led us to propose more advanced models of intermediate filament
structure. Even though filaments are polymorphic, a major structural form
consists of 8 4-chain molecules, arranged in an antiparallel mode. The
structure of the 4-chain molecule is being examined by scanning transmission
electron microscopy (with Dr. Wall) using platinum-clathrates complexed onto
cystine residues. In collaboration with Drs. A.C. Steven and David Parry, we

have constructed "surface- lattice" models of filament structure in which the

rod domains of the protein chains form the basic filament core, and the

variable end domains occupy peripheral positions. Limited proteolytic cleavage
experiments have provided direct evidence in support of these structural
models and of the precise alignment of the neighboring rod domains. In

addition, scanning transmission electron microscopy is being used to explore
the mass, structure and association of 4-chain units in an attempt to describe
intermediate levels of filament substructure. However, the structural
organization of the end domains is still uncertain. In the case of the

keratins, we propose that their glycine-serine-rich sequences form omega-loop
structures and interact with other cellular components including filaggrin and
the cell envelop by H-bonding and disulfide cross -links. In collaboration
with Dr. James Mack, these ideas are being tested by use of solid-state NMR of

keratin filaments isotopically labeled with glycine (to study end domains) and

leucine (to study the rod domain). Our data suggests the glycine-rich domains

have little or no structural order, whereas the rod-domains are considerably
more ordered.
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We are using NMR techniques to study the nature of the molecular interaction
of keratin filaments and filaggrin, which is an important filament associated
protein in the epidermis. Keratin filaments isotopically labeled with glycine
(for end domains) and glutamic acid or lysine (for rod domains) are complexed
with filaggrin. Changes in the molecular motions of the filaments will
provide information on their mode of interaction with filaggrin. Preliminary
data suggests the molecular motions of the glycine regions are unchanged,
implying indirectly that filaggrin interacts with the rod domains.
Experiments in progress with lysine -or glutamic acid- labeled filaments
should provide more direct evidence for this mechanism.

Many cDNA clones to human filaggrin have now been isolated and sequenced. The
human filaggrin gene encodes a polyprotein containing a large number of
filaggrin repeats arranged in tandem. Sequencing by Dr. Can has shown that
these repeats are highly polymorphic but conserved in size. Also, the gene
from different individuals contain differing numbers of repeats. In
collaboration with Dr. Lessin, we have localized the human gene to chromosome
lq21 region. Attempts are now underway to isolate the human gene in order to

define regulatory sequence regions by use of CAT assays and eventually
production of transgenic mice bearing the human gene.

Dr. Hohl has isolated, cloned and sequenced the gene for the major human
cornified cell envelop proteins, named loricrin. Fragments of this gene are
now being subcloned into CAT vectors to define regulatory regions. In
collaboration with Dr. Dennis Roop , the clones bearing the complete gene will
be used for the production of transgenic mice. In collaboration with Dr. Ron
Chung, we have begun to isolate and characterize cDNA clones for epidermal
transglutaminase, the enzyme which cross- links the loricrin to the cell
envelop. In addition, we have synthesized peptides corresponding to loricrin
sequences for in vitro transglutaminase assays, and '^H- lysine -labeled cross

-

linked peptides of loricrin from labeled foreskins will be characterized to
define the structural organization of loricrin in the cell envelop.

A major project to determine the structure, complexity, linkage and evolution
of keratin genes has been initiated. In collaboration with Dr. Stuart Lessin,
we have found that type II keratins seem to be linked in one cluster in the.

general region of 12qll-12 and type I keratins are clustered on 17ql2-21.
Using keratin probes generated by PRC reaction to known sequence, we are
employing pulse field electrophoresis to further map the linkage of the
keratin genes. In related experiments in collaboration with Drs . Compton and
Roop, the human keratin 1 and 10 genes have been used to generate transgenic
mice with the aim to study their regulation. Also mutant versions of these
genes will be used to explore the possibility of generating disorders of
keratinization due to the expression of the mutant phenotype.

In collaboration with Drs. Hohl, Roop and McKinley-Grant , in situ
hybridization techniques are being used to study the expression of filaggrin,
loricrin and keratins 1 and 10 in disorders of keratinization.
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Publications :

McKinley- Grant LJ , Idler WW, Bernstein lA, Parry DAD, Cannizzaro L, Croce CM,
Huebner K, Lessin SR, Steinert PM: Characterization of a cDNA clone encoding
human filaggrin and localization of the gene to chromosome region lq21, Proc
Natl Acad Sci USA 1989 (in press).

Steven AC, Mack JW, Trus BL, Bisher ME, Steinert PM: Structure and assembly
of intermediate filaments: multi-faceted, myosin-like cytoskeletal polymers.
In: Cytoskeletal and Extracellular Proteins, Structure, Interactions and
Assembly, ed. by Aebi UC, Engel J, the 2nd EBSA Symposium, pp 15-26, 1989.

Yuspa SH, Kilkenny AE , Steinert PM and Roop DR: Expression of epidermal
differentiation markers is regulated by specific extracellular calcium
concentrations, J Cell Biol 1989 (in press).

Steinert PM, Roop DR: The structure, complexity and evolution of intermediate
filament genes. In: The Cellular and Molecular Biology of Intermediate
Filaments, ed. by Goldman RD, Steinert PM, Plenum, NY 1989 (in press).
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SUMMARY OF WORK CUM stanoanj unraducad typa. Oo not axeaari tM apaca providaa.) The primary purpose Ot my

laboratory is to elucidate the molecular mechanisms regulating the expression
of immunoreactive molecules in the skin. ICAM-1, or intercellular adhesion
molecule- 1, is a cell surface protein that is the major ligand for LFA-1, or

lymphocyte function associated antigen- 1, an anchoring receptor on all T cells
whose interaction with ligand is critical for proper T-cell function.
Cutaneous T-cell inflammatory and neoplastic diseases may well depend upon the

regulation of ICAM-1 expression by various cells in the skin. We have
established that human keratinocytes (HK) in culture do not normally express
ICAM-1, and that exposure of HK to human interferon- gamma (IFN) or tumor
necrosis factor-alpha (TNF) , two biologic response modifiers (BRM) , results in

the rapid induction of ICAM-1 mRNA expression, protein biosynthesis, and
surface expression. We have demonstrated that human dermal microvascular
endothelial cells (HDMEC) constitutively express ICAM-1, that this expression
can be rapidly upregulated at the level of mRNA and surface expression by
exposure to human interleukin- 1 (IL-1), and that specific T-cell binding to

HDMEC in vitro is dependent upon ICAM-1 expression by HDMEC and can be
upregulated as well by factors which increase ICAM-1 expression. We have
established that ICAM-1 expression in HK, and HDMEC is regulated at the level
of gene transcription and we have isolated a 19 kb genomic clone containing
portions, if not all, of the ICAM-1 gene. Mapping and sequencing of the 5'

I ^flanking regulatory region of this genomic clone of ICAM-1 has been partially
I completed. Through a continuing collaboration, we have also continued our
1 analysis of the translational regulation of human ferritin expression. Ten

different reporter gene constructs containing various combinations of
functional and nonfunctional iron- responsive elements in their translational I

regulatory regions have been produced, their sequences confirmed, and stably
j

expressing transfectants established.
I
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Project Description

Major Findings :

Human keratinocytes (HK) do not normally express ICAM-1 in vitro, but can be
induced to express this T-cell ligand by various biologic response modifiers,
including IFN- gamma and TNF- alpha.

Exposure of HK to IFN- gamma results in the rapid induction of ICAM-1 mRNA,
ICAM-1 protein biosynthesis, and ICAM-1 surface expression. This rapid
induction of expression is completely inhibited by pre-exposure to
actinomycin-D, indicating that expression is regulated at the level of
transcription.

ICAM-1 expression induced by IFN-gamma exhibits a dose- and time -dependent
response with regard to mRNA induction, protein biosynthesis, and surface
expression. While induction is detectable with as little as 1 unit IFN-gamma
per ml of culture media for 1 hour, optimal expression occurs at 25 U/ml after
12 hours incubation.

Induction of ICAM-1 expression in HK by IFN-gamma is not inhibited by pre-
exposure to transforming growth factor-beta, a substance previously implicated
in the inhibition of ICAM-1 expression, either at the level of surface
expression or mRNA induction, even at sub-optimal dosages and time exposures
of IFN-gamma.

Human dermal microvascular cells (HDMEC) constitutively express ICAM-1 at the
level of mRNA and surface protein. Upregulation of ICAM-1 mRNA and surface
expression as well as upregulation of ICAM-1 dependent T-cell binding to HDMEC
is achieved by exposure of HDMEC to IL-1 in a dose- and time -dependent
manner

.

A 19 kb genomic clone which hybridizes with a 5' fragment of a human ICAM-1
cDNA has been isolated from a human T-cell genomic library. In an attempt to
identify the transcriptional regulatory regions and possible trans -acting
factors affecting expression of the ICAM-1 gene, a 5.5 and a 2.2 kb fragment
which hybridize with the 5' fragment of the cDNA clone have been identified,
subcloned, and partially mapped and sequenced.

The iron-responsive translational regulation of ferritin protein biosynthesis
is dependent upon an oligonucleotide sequence appearing in the 5' untranslated
region of the ferritin mRNA. This sequence, or iron-responsive element (IRE),
has been previously identified and critical bases determined. We have
produced constructs using varying numbers of synthetic oligonucleotides
encoding functional and nonfunctional IRE's in the 5' untranslated regions of
reporter genes. We have confirmed the number, order and sequence of these
differing multiple IRE constructs and have established stably expressing
transformants of each in murine B6 cells. These transformants will be
utilized to analyze the effects of number, functionality, and relative
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location of IRE's in relation to mRNA levels, indicator gene biosynthetic
rates, and relative translatability in response to changes in iron
concentration

.

Publications :

Casey JL, Hentze MW, Koeller DM, Caughman SW, Rouault TA, Klausner RD , Harford
JB. Iron-responsive elements: regulatory RNA sequences control mRNA levels
and translation, Science 1988;240:924-928.

Rouault TA, Hentze MW, Caughman SW, Harford JB, Klausner RD . Binding of a

cytolsolic protein to the iron- responsive element of human ferritin messenger
RNA, Science 1988;241:1207-1210.

Hentze MW, Caughman SW, Casey JL, Koeller DM, Rouault TA, Harford JB, Klausner
RD . A model for the structure and functions of iron-responsive elements. Gene
1988;72:201-208.

Caughman SW, Hentze MW, Rouault TA, Harford JB, Klausner RD. The iron-
responsive element is the single element responsible for iron- dependent
translational regulation of ferritin biosynthesis: evidence for function as
the binding site for a translational repressor. J Biol Chem 1988 ; 263 : 19048-
19052.

Rouault TA, Hentze MW, Caughman SW, Casey JL, Koeller DM, Harford JB, Klausner
RD. Post- transcriptional regulation of ferritin and transferrin receptor
expression: role of iron-responsive elements. In: Hamer DH, Winge DR, eds

.

Metal Ion Homeostasis. New York, Alan R. Liss , 1989 ; 109-115

.
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ANNUAL REPORT OF THE METABOLISM BRANCH

SUMMARY OF SIGNIFICANT ACTIVITIES

NATIONAL CANCER INSTITUTE

October 1, 1988 through September 30, 1989

The clinical research program of the Metabolism Branch is directed toward two
major goals. The first is to define host factors that result in a high incidence
of neoplasia. In this area, a broad range of immunological investigations are
carried out in patients with immunodeficiency diseases that are associated with a
high incidence of neoplasia, as well as in patients with malignancy, especially T-

and B-cell leukemias . These studies are directed toward defining the factors
involved in the control of the human immune response . Maj or efforts in this area
are directed toward: 1) studies of the arrangement of the immunoglobulin genes and
T-cell antigen- specific receptor genes and the rearrangements and deletions of
these genes that are involved in the control of the synthesis of immunoglobulins
and T-cell receptors; one focus in this area is the study of novel transforming
genes that translocate into the T-cell receptor locus in T-cell tumors; 2) the
characterization of transacting regulatory factors that mediate lymphocyte specific
gene transcription; the scientific focus of this area is the purification of the
transactivating factors, the cloning of the genes encoding these factors and the
definition of their mode of action at a molecular level; 3) somatic gene therapy
for human genetic immunodeficiency diseases; 4) genetic control of the immune
response; one emphasis of this area is the development of a novel method for
predicting molecular structures recognized by T-cells and the applications of this
algorithm to the development of vaccines aimed at preventing AIDS and malaria; 5)

identification, purification, and molecular genetic analysis of the multichain
interleukin-2 receptor on normal and malignant lymphocytes; one emphasis of this
area is the development of different forms of IL-2 receptor directed therapy; 6)

analysis of action of immunoregulatory cells including helper T cells, suppressor T
cells, and macrophages that regulate antibody responses and on studies of disorders
of these immunoregulatory cell interactions and of leukemias of these
immunoregulatory cells; and 7) isolation and characterization of biological response
modifiers and oligosaccharides that regulate the human immune response. The second
major goal of the Metabolism Branch is to determine the physiological and
biochemical effects that a tumor produces on the metabolism of the host. Both
patients with neoplastic diseases as well as those with nonneoplastic disorders
that facilitate the development of techniques for the study of cell membranes,
homeostatic mechanisms, and metabolic derangements of biochemical control
mechanisms are being investigated. Within this area, one special emphasis is

placed on the normal growth factors especially insulin- like growth factors that
play a role in the hormonal control of normal and malignant growth. An additional
focus is on the regulatory role on intermediary metabolism played by proline and
its metabolite pyrroline-5-carboxylate.

MOLECULAR ANALYSIS OF TRANSLOCATIONS OF TRANSFORMING GENES TO
THE LOCUS OF T-CELL ANTIGEN RECEPTOR GENES

Previously Dr. Thomas Waldmann and Dr. Stanley Korsmeyer introduced the
analysis of immunoglobulin and T-cell receptor gene rearrangements to define the
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lineage (T or B cell) of cells lacking conventional markers, to establish whether
abnormal lymphocytic populations are polyclonal, oligoclonal or monoclonal, and to

broaden the scientific basis for the diagnosis and monitoring of the therapy of
lymphoid neoplasia. More recently, Dr. Waldmann has exploited illegitimate
chromosomal translocations in T cell leukemia involving the T cell receptor genes
to clone elements involved in the regulation of normal and malignant cell
proliferation. Dr. Glenn Begley, in collaboration with Dr. Ilan Kirsch, has
identified a putative transforming gene which they call SCL-1 that is expressed in
hematopoietic tissues. The gene was identified through the molecular cloning of a

translocation between chromosomes 1 and 14; t(l : 14) (p33 ;qll) that occurred in a

human stem cell leukemia that was able to differentiate into myeloid and lymphoid
lineages. As a consequence of the translocation, a novel fusion transcript was
generated between the sequences on chromosome 1 and chromosome 14. The gene of
chromosome 1 manifested a DNA binding motif shared with the Drosophila daughterless
gene and the myc and MyoD proteins. This gene was expressed in fetal liver and
normal bone marrow and may be important for hematopoietic stem cell development and
oncogenesis

.

MOLECULAR ANALYSIS OF TRANS -ACTING FACTORS THAT MEDIATE LYMPHOID SPECIFIC GENE
TRANSCRIPTION

As an approach to understanding development in the B lymphocyte lineage, Dr.

Louis Staudt has characterized trans -acting factors that mediate lymphoid- specific
gene transcription. As a model he has studied the lymphoid-specific transcription
of immunoglobulin (Ig) genes. The promoters of all Ig variable genes and the Ig
heavy chain enhancer contain a critical octamer DNA motif, ATTTGCAT. He
demonstrated that this motif, together with a TATA motif, is necessary and
sufficient for lymphoid- specific promoter activity. He then assayed nuclear
extracts of lymphoid and non-lymphoid cell lines for proteins which specifically
bound to the octamer motif and detected two major species: a ubiquitous octamer
binding protein (Oct-1) and a lymphoid-specific octamer binding protein (Oct-2)

.

Oct-2 functioned as a transcription factor in vitro using immunoglobulin promoter
templates. He cloned the human Oct-2 structural gene by screening a phage Xgtll
expression library with a radiolabeled DNA probe containing the octamer motif. The
cloned gene encodes an octamer- specific DNA binding protein which is itself
lymphoid-restricted in expression.

By sequencing the Oct-2 gene Dr. Staudt identified a 50 amino acid domain that
is homologous to the "homeo box" domain of proteins which are important for cell
type determination and development in lower eukaryotes. This domain of the Oct-2
protein was shown to be required for DNA binding by site directed mutagenesis.
This represents the first demonstration that a mammalian gene containing a homeo
box domain is a sequence -specific DNA binding protein. The presence of the homeo
box in the Oct-2 gene lends support to the notion that this gene is important for
lymphoid development. Full length Oct-2 cDNA clones revealed additional regions of
homology with other transcription factors. One highly conserved 75 amino acid
domain, the "POU" box, is shared by a subset of homeo box proteins that includes a
pituitary-specific human transcription factor, Pit-1. In addition, Oct-2 has a
"leucine zipper" domain which it shares with the nuclear oncogenes myc . fos and jun
and with other transcription factors. The leucine zipper may mediate the
interaction of Oct-2 with other regulatory proteins. Alternative splicing of the
Oct-2 gene generates a variety of distinct Oct-2 proteins, one of which lacks the
leucine zipper and thus might be functionally unique.
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Recent evidence obtained by Dr. Staudt indicates that the octamer motif may
control the expression of other lymphoid- specific genes besides Ig, notably the

Bcl-2 proto- oncogene involved in the pathogenesis of human follicular lymphomas.

Using the cloned Oct- 2 gene, Dr. Staudt should be able to determine the range of

genes which are expressed exclusively in lymphocytes under the transcriptional
control of the octamer motif. Oct-2 is present in some T cells and is inducible in

this lineage by T cell activation signals suggesting that Oct-2 may be involved in

the expression of T cell activation genes.

SOMATIC GENE THERAPY FOR HUMAN GENETIC DISEASE

Dr. Michael Blaese has continued his research program to develop gene transfer
for the therapy of human disease. He and his collaborators, Steven A. Rosenberg
and W. French Anderson, have now performed the first authorized clinical experiment
in which a foreign gene has been introduced into humans. A recombinant murine
retroviral vector containing the bacterial gene encoding Neomycin resistance (neoR)

was used to label tumor infiltrating lymphocytes (TIL) used in the treatment of

patients with malignant melanoma. These neoR expressing TIL were reinfused into

the patients to permit Dr. Blaese and his associates to study the survival and
trafficking patterns of TIL in an attempt to determine whether they can identify
any characteristics which correlate with the clinical efficacy of the TIL in

inducing tumor remission. The next phase of these studies will involve the

insertion of genes encoding various cytokines into TIL in an attempt to improve
their tumoricidal activity for a variety of tumors. Dr. Blaese 's laboratory has
prepared vector constructs with the alpha and gamma interferon genes as well as

genes for TNF and IL-1£. These vector preparations are currently being
characterized for their ability to produce these cytokines in both lymphoid and
non- lymphoid cells. Major studies of the biological effects of cells
constitutively secreting these molecules are also underway as are studies of the

potential utility of using li^mphocytes as cellular vehicles for gene therapy of

non-malignant diseases such as ADA deficiency. T lymphocytes from SCID patients
have been grown to high numbers using anti-CD3 and rIL-2 stimulation and the human
ADA gene has been successfully introduced into these cells. A clinical protocol
for the treatment of ADA(-)SCID with gene-treated cultured T cells is now being
prepared for submission to the Recombinant DNA Advisory Committee.

Dr. Blaese has also continued his work with the compound Succinylacetone (SA)

which he, Richard Hess and Donald Tschudy discovered to have potent
immunosuppressive properties. The most recent work with this drug has involved

solid organ transplantation studies in both rats and primates in collaboration with

Dr. Christopher Stone of the NHLBI . SA has now been demonstrated to greatly
prolong skin allograft survival in rats and to permit indefinite survival of

totally mismatched cardiac allografts in rats. Studies of heterotopic cardiac
allografts and rhesus and cynomolgus monkeys have also shown very significant graft
prolongation in these animals although the grafts have only been in place for six

weeks as of the date of this report (normal rejection is within 8^2 days).

Toxicity in these primates has been low.

THE GENETIC CONTROL OF THE IMMUNE RESPONSE: APPLICATION TO THE DESIGN OF SYNTHETIC
VACCINES

Dr. Jay Berzofsky has been studying the mechanisms by which T cells recognize
antigens on the surface of other cells in association with major histocompatibility
complex (MHC) -encoded molecules, the factors that determine which antigenic
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structures are more likely to be recognized, and the application of these
principles to the design of synthetic vaccines for AIDS and malaria. T cells
recognize antigen after it has been proteolytically processed into fragments which
then associate with MHC molecules. As a first step toward prediction of the sites
of cleavage, Dr. Berzofsky has analyzed the proteases responsible for processing
myoglobin to present three different determinants to different T-cell clones. The
same protease, an intracellular thiol protease such as cathepsin B, was both
necessary and sufficient to process myoglobin to present all three determinants.
Second, different MHC molecules preferentially present different peptides from the

same protein. To determine the role of residues of the MHC molecule more directly.
Dr. Berzofsky studied a series of site-directed mutants containing single amino
acid substitutions, or groups of substitutions, that correspond to polymorphic
differences between two alleles of this class II MHC molecule. Mutations at

certain positions could differentially affect presentation of the same antigenic
determinant to different T-cell clones. This result suggests that different T

cells can see the same determinant in different positions or conformations in the

same MHC molecule. Third, Dr. Berzofsky examined structural features intrinsic to

the antigenic determinant, and confirmed on a much larger database that peptides
that can fold as amphipathic alpha helices are statistically more frequent among
immunodominant T-cell determinants than in protein sequences in general. In
addition to sites that are immunodominant with class II MHC molecules
(71% ,p<0.003) , he found that 10/11 sites seen with class I MHC molecules also have
this property, indicating that the same chemical principles probably apply to

recognition with class I MHC molecules as well. These correlations may be valuable
in searching for immunodominant determinants for vaccine development.

Dr. Berzofsky applied these results to the design of synthetic vaccines for
malaria and AIDS. In the malaria case he had previously found two immunodominant
sites for helper T cells of both mice and humans. He found that T cells from some
humans from a malaria endemic-area of Africa could distinguish the variants of
these sites from different isolates of P. falciparum , so that the mutations are not
immunologically silent. On the other hand, evidence was obtained for crossactivity
among the variants of both sites, so that is should be possible to develop a

vaccine that may be useful for many strains of P. falciparum . In the case of AIDS,
Dr. Berzofsky has identified 6 multideterminant regions of the envelope protein
that contain overlapping helper T-cell antigenic determinants seen by mice of
different MHC types, so that each region can be seen by most MHC types, allowing
circumvention of MHC restriction problems. Four of the peptides were studied in
HIV-infected humans. He found that about 80% of humans early in HIV infection lose
the ability to respond in a T-cell proliferative response to soluble protein
antigens, but about 50% retain a T-cell response to the same antigens as measured
by IL-2 production. This finding may be of prognostic significance. Each peptide
elicited in vitro T-cell responses in cells from 50-67% of unrelated HLA-diverse
donors who retained the ability to respond to control antigens, and 85-90% of such
donors responded to at least one of the 4 peptides, so many peptides may not be
required for an MHC -diverse population. Also, Dr. Berzofsky found that one of
these peptides served as a very potent helper determinant when attached to a

neutralizing antibody epitope to elicit neutralizing antibodies better than a

protein carrier. Finally, because the CTL determinant he previously identified in
the envelope protein is highly variable among HIV isolates, he examined the effect
of this variability on T-cell recognition and found that the same site is' a CTL
determinant on several isolates of HIV. By studying substitutions at each
position, he could identify residues that contribute to binding to class I MHC
molecules, and one residue that seems critical for recognition by the TCR. Thus,
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HIV can mutate residues that interact with MHC molecules. Because Dr. Berzofsky
has found that sites on HIV proteins that are presented by class I MHC molecules
are rare, he proposes that such mutations in critical sites that prevent binding to
MHC molecules of an individual may allow the varus to become partially invisible to
CTL of the person, escape control, and cause AIDS. The identification of these
helper and CTL determinants, approaches to circumvent MHC restriction, and the
understanding of virus variability, should prove useful in the design of vaccines.

THE MULTI-CHAIN IL-2 RECEPTOR: CHEMICAL CHARACTERIZATION, FUNCTION AND USE AS A
TARGET FOR IMMUNOTHERAPY

The success of the critical regulatory and effector functions of T lymphocytes
requires that these cells change from a resting to an activated state. Antigen-
stimulated activation of resting T cells induces the synthesis of interleukin-2 as
well as high affinity IL-2 receptors that are not expressed on resting T cells.
Dr. Waldmann previously identified two peptides that bind IL-2, the 55 kD peptide
reactive with the anti-Tac monoclonal, and a novel 70/75 kD (p75) peptide. Dr.
Waldmann proposed a multichain model for the high affinity IL-2 receptor in which
both the p55 Tac and the p75 IL-2 binding peptides are associated in a receptor
complex. Recently Dr. Waldmann and his coworkers, using crosslinking,
coprecipitation and fluorescence energy transfer techniques, have identified
additional p22 , p35, p40, p95 and pl80 peptides that may be associated with the 55
kD Tac peptide in the multichain receptor.

One of Dr. Waldmann' s most critical contributions was his recognition that the
IL-2 receptor represents an extraordinarily versatile therapeutic target. He
entered this area to exploit his observations that T cells in patients with certain
lymphoid malignancies (e.g., adult T cell leukemia, cutaneous T cell lymphoma,
hairy cell leukemia and Hodgkin's disease) and select autoimmune diseases (e.g.,
scleroderma, tropical spastic paraparesis and rheumatoid arthritis) as well as
individuals rejecting allografts express the IL-2 receptors identified by the anti-
Tac monoclonal antibody whereas normal resting cells and their precursors do not.
He reasoned that agents that could eliminate Tac-expressing leukemic cells or
activated T cells involved in other disease states could be effective therapies for
these disorders yet would retain the Tac-negative mature normal T cells and their
precursors. Dr. Waldmann and his coworkers have developed a wide variety of
therapeutic reagents. Dr. Waldmann has effectively utilized the unmodified anti-
Tac monoclonal antibody to block binding of IL-2 to its growth factor receptor and
to lead to remissions lasting 1, 5 and over 8 months in the treatment of patients
with adult T cell leukemia. This therapy that has not had toxic complications has
also been used effectively in the prevention of early graft rejection in patients
receiving donor renal allografts.

In order to improve the effectiveness of IL-2 receptor directed therapy,
different approaches have been used to modify the antibody to augment its capacity
as a cytotoxic agent. For example, in collaboration with Dr. Ira Pastan a
genetically modified form of Pseudomonas exotoxin (PE40) which has been developed
from which the first domain which is responsible for ubiquitous cell binding was
deleted. This truncated toxin was conjugated to anti-Tac or IL-2 in order to
provide an antibody or alternatively a lymphokine -mediated method of delivering the
toxin directly to the surface of IL-2 receptor expressing cells. Anti-Tac (Fv)
sequences encompassing the variable regions of the anti-Tac light- and heavy-chains
were genetically coupled to the truncated Pseudomonas exotoxin sequence to generate
a single co- linear protein with the specificity of the antibody. In addition, all
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studies alternative cytotoxic agents were developed that could be conjugated to

anti-Tac that were effective when bound to the surface of Tac-expressing cells.
Specifically, in conjunction with Dr. Otto Gansow, Dr. Waldmann showed using in
vitro assays and in vivo cardiac allograft models that ^^^Ei, an alpha- emitting or
^^Y a beta-emitting radionuclide conjugated to anti-Tac by use of bifunctional
chelates were effective and specific immunocytotoxic agents for the elimination of
Tac-expressing cells. For example, the administration to subhuman primates of
"^Yttrium anti-Tac led to a marked prolongation of the survival of both cardiac
xenografts and allografts when compared to the survival in untreated animals or in
animals treated with unmodified anti-Tac. The use of mouse anti-Tac is hindered by
the host immune response to the murine antibody and by the lack of effector
cytotoxic capacity of the monoclonal. Therefore in collaboration with Dr. Gary
Queen, Dr. Waldmann and his coworkers have constructed a "humanized" anti-Tac
antibody by placing the complementary determining regions (GDRs) of the murine
anti-Tac antibody into the human variable region framework and Yi constant regions.
In addition, a molecular model of the murine anti-Tac was used to identify the
amino acids which although outside of the CDRs had a high probability of
interacting with either the CDRs or the antigen surface. Such residues could have
an effect on antigen binding and thus were retained in the constructed antibody.

Over the past year, hyperchimeric "humanized" anti-Tac antibodies have been
generated in which the molecule is entirely human IgGl kappa except for the small
hypervariable segments of the complementarily determining regions retained from the
mouse antibody. It is hoped that these "humanized" antibodies will be minimally
immunogenic. Furthermore, they add the new functional activity of antibody
dependent cellular cytotoxicity that was absent in the parent mouse anti-Tac while
maintaining the important functions of high affinity binding and T-cell receptor
blockade. Clinical trials will be initiated to define the efficacy of each of
these agents in the treatment of patients. Dr. Waldmann's studies on the IL-2/IL-2
receptor system open the possibility for a major advance toward more specific,
controlled immunosuppressant strategies. Thus the clinical application of highly
potent anti-IL-2 receptor-directed agents represents a new therapeutic perspective
for certain neoplastic diseases, autoimmune disorders and for the prevention of
allograft rejection.

Dr. David Nelson has identified a soluble form of the p55 component (Tac
protein) of the human interleukin-2 receptor in the supernatants of activated T-
cells, B-cells, and monocytes in vitro and in the serum of normal individuals in
vivo . Elevated levels of soluble' Tac protein were found in the sera of patients
with a variety of lymphoreticular neoplastic conditions including the adult T-cell
leukemia (ATL) , hairy cell leukemia (HCL) , Hodgkin's and non-Hodgkin's lymphomas,
and in patients with the acquired immunodeficiency syndrome (AIDS) . In ATL and HCL
patients, the serum level of Tac protein was indicative of tumor burden and
favorable responses to therapy were associated with reductions in the serum level
of Tac protein. Elevations of Tac protein in serum were also observed associated
with allograft rejection episodes in patients with liver and heart-lung
transplants. Patients with autoimmune diseases also had elevated levels of Tac
protein in serum and joint fluids. In rheumatoid arthritis patients, the level of
soluble Tac protein correlated with disease activity. Elevated levels of soluble
Tac protein were also found in the sera of patients with neurologic diseases
including multiple sclerosis and schizophrenia. The measurement of soluble Tac
protein in various body fluids is useful in monitoring certain neoplastic and
immune -mediated events in vivo.
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To gain further insight into the regulation of the human immune response
molecular genetic studies of a kindred with X- linked hypogammaglobulinemia and
isolated growth hormone deficiency were initiated. Mapping studies by restriction
fragment length polymorphism have shown that this disease is due to a gene distinct
from that causing the more common form of X-linked agammaglobulinemia or Bruton's
disease.

ISOLATION AND CHARACTERIZATION OF BIOLOGICAL RESPONSE MODIFIERS AND
OLIGOSACCHARIDES THAT REGULATE THE HUMAN IMMUNE RESPONSE

Dr. Andrew Muchmore has continued his interest in the role of carbohydrate
recognition in regulation of the human immune response. He has demonstrated that
mannose oligosaccharides inhibit T cell responsiveness, enhance PGE2 synthesis,
induce IL-1 and TNF production, and directly activate the hexose monophosphate
shunt. In vitro models demonstrate that rIL-1, rTNF, and rIL-2 also bind to unique
high mannose structures. This. interaction occurs optimally at an acidic pH and his
in vitro and in vivo data support the hypothesis that the endosome lysosome
compartment is a major site of action for these cytokines. Furthermore, the
carbohydrate binding region of these cytokines appears to be critical for their
action. Dr. Muchmore 's data also support a role for uroraodulin as a renal
mechanism for clearance of circulating cytokines. Based on these findings he is
now approaching the mechanism of these phenomena utilizing the techniques of
molecular biology. It is clear that certain mannose rich oligosaccharides
regulated a number of important cellular activation signals including mRNA levels
of c-FOS and IL-1. Dr. Muchmore 's current data demonstrate that certain DNA
binding proteins appear to be mannose specific lectins , and ultimately he believes
that these oligosaccharides and potentially the cytokines IL-1, IL-2, and TNF are
acting on transcriptional regulatory DNA binding proteins by either binding to or
competing with defined mannose structures.

INSULIN-LIKE GROWTH FACTOR (IGF-I AND IGF-II) RECEPTORS

The insulin- like growth factors stimulate the growth of a variety of cells in
culture. There is strong evidence from whole animal experiments that IGF-1
mediates many of the anabolic effects of pituitary growth hormone. The in vivo
role for IGF-II is less clear, although high levels of IGF-II in fetal rat serum
and the expression of IGF-II mRNA in many fetal tissues point to a role in fetal
growth and development. The IGFs bind to two cell surface receptors. The IGF-I
receptor binds IGF-I with higher affinity than IGF-II and also weakly recognizes
insulin. The IGF-II receptor binds IGF-II with approximately 100 -fold higher
affinity than IGF-I and does not bind insulin even at very high concentrations.
The two receptors have quite different structures as revealed initially by affinity
labeling with radioligand and later by molecular cloning. The IGF-I receptor
resembles the insulin receptor and consists of two alpha subunits which bind ligand
and two beta subunits which traverse the membrane and possess tyrosine kinase
domains on the cytoplasmic side. The IGF-II receptor is a large glycoprotein (300
kD) with 92% of the structure being extracellular and the small cytoplasmic portion
having no homology with known tyrosine kinases. Molecular cloning, biochemical,
and immunologic experiments have demonstrated that the IGF-II receptor is identical
to the cation- independent mannose 6 -phosphate receptor which targets over 50
lysosomal enzymes to lysosomes.

Experiments performed by Dr. Peter Nissley in collaboration with Dr. Gary
Sahagian of Tufts University showed that the lysosomal enzyme, E-galactosidase
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inhibited the binding of ^'^^I-IGF-U to the IGF-II/Man-6-P receptor. However
several other laboratories reported that raannose 6 -phosphate itself actually
increased the binding of '•^-'l- IGF- II to the receptor. Dr. Nissley has performed
additional experiments to explore the interaction of £-galactosidase and mannose 6-

phosphate for binding of IGF- II to the receptor. E-galactosidase that was purified
from bovine testis inhibited '-^^I- IGF- II binding to pure receptor with the
concentration of £-galactosidase required for half-maximal inhibition being 25 nM.

Inhibition of the enzymatic activity of £-galactosidase with D-galactonic acid
gamma lactone did not affect the ability of fi-galactosidase to inhibit the binding
of '^^I- IGF- II to the receptor. Acidic forms of £-galactosidase which exhibit
higher cellular uptake via the IGF-II/Man-6-P receptor also exhibited maximal
inhibition of binding of '-'^^I- IGF- II to the receptor. The inhibition by £-

galactosidase of IGF-II binding was reversed by mannose 6-phosphate and the dose
response curve for reversal by mannose 6-phosphate was typical for binding of
mannose 6-phosphate to the receptor. The results led to the conclusion that fi-

galactosidase inhibits the binding of IGF-II by binding to the mannose 6-phosphate
recognition site on the receptor. Scatchard analysis of IGF-II binding in the
presence of concentrations of £-galactosidase that partially inhibited IGF-II
binding showed that £-galactosidase decreased the binding affinity for IGF-II,
consistent with models in which fi-galactosidase could change the conformation of
the receptor or physically block the binding of IGF-II by binding to an adjacent
site. Dr. Nissley found that the stimulation of '-'^^I-IGF-II binding by mannose 6-

phosphate was dependent on how the receptor had purified. Thus membranes,
solubilized membranes, and receptors that had been purified on an IGF-II affinity
column all exhibited the positive effect of mannose 6-phosphate on ''^^I- IGF- II

binding, whereas receptor that had been purified on a lysosomal enzyme affinity
colxomn did not exhibit the mannose 6-phosphate effect. The ability of E-

galactosidase to inhibit the binding of '^^I-IGF-II was uniform for all of these
preparations. The most direct explanation for these observations is that for the

1 9 Sreceptor preparations in which mannose 6-phosphate is stimulating •'-''-^I- IGF- II

binding, mannose 6-phosphate is causing the dissociation of endogenous lysosomal
enzymes from the receptors and thereby removing their inhibitory effect on IGF-II
binding. Receptors purified on a lysosomal enzyme affinity column would have
exchanged their endogenous lysosomal enzymes for the lysosomal enzyme attached to

the matrix of the affinity column. In any case, stimulation of biologic effects by
IGF-II acting through the IGF-II/Man-6-P receptor could be modulated by
extracellular lysosomal enzymes or mannose 6-phosphate.

REGULATORY FUNCTION OF PROLINE AND ITS METABOLITE PYRROLINE-5-CARBOXYLATE

Dr. James Phang in previous studies showed that pyrroline-5-carboxylate (P5C)
is a nutrient-dependent constituent of human plasma; 2) enters cells by its own
uptake mechanism; and 3) has potent effector functions on cells including
synergistic effects with PDGF. Therefore, he focused on production and release of
P5C from cells and on the mechanisms by which P5C mediates signaling as a
intercellular communicator.

P5C is released into the medivim from a variety of cultured cells. Using a new
assay for P5C based on its formation of an adduct with cysteine, he surveyed the
medium conditioned by a variety of cell types including MCF-7, CHO, LLC-RKl, LLC-
PKl and several lines of normal human fibroblasts which all accumulated P5C in the
medium with the exception of CHO which lack the enzymes for P5C synthesis. Human
fibroblasts were the most active with P5C accumulating to levels of 2-3 ^ after 12
hours, levels which will produce some of the effector functions of P5C. The
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accumulation of P5C was linear for at least 8 hours and plateaued after 24 hours.
Glutamine was the main source of the P5C. In the absence of glutamine, P5C release
fell to 10%. Although ornithine can also serve as the source of P5C, high
concentrations are required (10 jM) . Furthermore, fibroblasts lacking ornithine
aminotransferase, the enzyme converting ornithine to P5C showed comparable levels
of P5C accumulation in the medium as normal fibroblasts. These studies show
cultured cells can serve as a model for studying the release of P5C as an
intercellular communicator.

To the previously characterized synergism between P5C and platelet-derived
growth factor (PDGF) in stimulating the synthesis of PP-Rib-P can be added a marked
stimulation of DNA synthesis. In the presence of 5% fetal bovine serum of 0.01
units of PDGF, P5C increased [-^H] thymidine incorporation 50% over serum and 20%
over PDGF. The effect was evident with [P5C] as low as 10 jM and plateaued at 100
^M. Interestingly, P5C could produce its effect when present for only the first
hour of mitogenic activation suggesting that P5C could produce its effect when
present for only the first hour of mitogenic activation suggesting that P5C was
producing its effect on the signaling mechanism rather than by supplying
ribonucleotides during S -phase.

More significant still, P5G markedly augmented the release of inositol
phosphates. In cells prelabeled with [-^Hlmyoinositol , labeled inositol phosphates
released from membrane phospholipids can be quantitated by anion- exchange column
chromatography. In quiescent human fibroblasts, fetal bovine serum rapidly
increased the release of inositol phosphates. P5C , which has no effect by itself,
markedly augmented the effect of serum. This stimulation was seen with
concentrations as low as 5 /jH. Since P5C levels in human plasma as well as levels
in conditioned tissue culture medium can attain levels of 2-3 XiM, these effects of
P5C may be physiologically important.
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Resting T cells do not express high-affinity IL-2 receptors, but receptors are
rapidly expressed on T cells after activation with antigen or mitogen. We have
identified two peptides that bind IL-2, the 55 kD peptide reactive with the anti-
Tac monoclonal and a novel 70/75 kD (p75) peptide. We have proposed a multi-chain
model for the high- affinity IL-2 receptor in which both the p55 Tac and the p75 IL-
2 binding peptide are associated in the receptor complex. Using crosslinking,
coprecipitation, and flurosence energy transfer techniques, additional p22, p35,
p40, p95, and plSO peptides have been identified that may be associated with the 55
kD Tac peptide in the multichain receptor. T cells in patients with certain
lymphoid malignancies, select autoimmune disorders as well as individuals rejecting
allografts express the IL-2 receptors identified by the anti-Tac monoclonal
antibody whereas normal resting cells do not. To exploit this differential
expression, a wide variety of IL-2 receptor-director therapeutic reagents have been
generated including unmodified anti-Tac, toxin conjugates of anti-Tac,
radioisotopic chelates of anti-Tac as well as hyperchimeric "humanized" anti-Tac
antibodies that are entirely human except for the small hypervariable segments from
the mouse antibody. The clinical application of these highly potent IL-2-receptor
jdirected agents represents a new therapeutic perspective for certain neoplastic
jdiseases, autoimmune disorders, and for the prevention of allograft rejection.
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Project Description

Major Findings :

Previously Dr. Thomas Waldmann and Dr. Stanley Korsmeyer introduced the
analysis of immunoglobulin and T-cell receptor gene rearrangements to define the
lineage (T or B cell) of cells lacking conventional markers, to establish whether
abnormal lymphocytic populations are polyclonal, oligoclonal or monoclonal, and to

broaden the scientific basis for the diagnosis and monitoring of the therapy of
lymphoid neoplasia. More recently. Dr. Waldmann has exploited illegitimate
chromosomal translocations in T cell leukemia involving the T cell receptor genes
to clone elements involved in the regulation of normal and malignant cell
proliferation. Dr. Glenn Begley, in collaboration with Dr. Ilan Kirsch, has
identified a putative transforming gene which they call SCL-1 that is expressed in
hematopoietic tissues. The gene was identified through the molecular cloning of a
translocation between chromosomes 1 and 14; t(l : 14) (p33 ;

qll) that occurred in a

human stem cell leukemia that was able to differentiate into myeloid and lymphoid
lineages. As a consequence of the translocation, a novel fusion transcript was
generated between the sequences on chromosome 1 and chromosome 14. The gene of
chromosome 1 manifested a DNA binding motif shared with the Drosophila daughterless
gene and the mvc and MyoD proteins. This gene was expressed in fetal liver and
normal bone marrow and may be important for hematopoietic stem cell development and
oncogenesis.

The success of the critical regulatory and effector functions of T lymphocytes
requires that these cells change from a resting to an activated state. Antigen-
stimulated activation of resting T cells induces the synthesis of interleukin-2 as

well as high affinity IL-2 receptors that are not expressed on resting T cells.
Dr. Waldmann previously identified two peptides that bind IL-2, the 55 kD peptide
reactive with the anti-Tac monoclonal, and a novel 70/75 kD (p75) peptide. Dr.

Waldmann proposed a multichain model for the high affinity IL-2 receptor in which
both the p55 Tac and the p75 IL-2 binding peptides are associated in a receptor
complex. Recently Dr. Waldmann and his coworkers, using cross linking,
coprecipitation and fluorescence energy transfer techniques, have identified
additional p22, p35 , p40 , p95 and pl80 peptides that may be associated with the 55

kD Tac peptide in the multichain receptor.

One of Dr. Waldmann 's most critical contributions was his recognition that the

IL-2 receptor represents an extraordinarily versatile therapeutic target. He
entered this area to exploit his observations that T cells in patients with certain
lymphoid malignancies (e.g., adult T cell leukemia, cutaneous T cell lymphoma,
hairy cell leukemia and Hodgkin's disease) and select autoimmune diseases (e.g.,

scleroderma, tropical spastic paraparesis and rheumatoid arthritis) as well as

individuals rejecting allografts express the IL-2 receptors identified by the anti-
Tac monoclonal antibody whereas normal resting cells and their precursors do not.

He reasoned that agents that could eliminate Tac -expressing leukemic cells or
activated T cells involved in other disease states could be effective therapies for
these disorders yet would retain the Tac -negative mature normal T cells and their
precursors. Dr. Waldmann and his coworkers have developed a wide variety of
therapeutic reagents. Dr. Waldmann has effectively utilized the unmodified anti-
Tac monoclonal antibody to block binding of IL-2 to its growth factor receptor and
to lead to remissions lasting 1, 5 and over 8 months in the treatment of
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patients with adult T cell leukemia. This therapy that has not had toxic
complications has also been used effectively in the prevention of early graft
rejection in patients receiving donor renal allografts.

In order to improve the effectiveness of IL-2 receptor directed therapy,
different approaches have been used to modify the antibody to augment its capacity
as a cytotoxic agent. For example, in collaboration with Dr. Ira Pastan a
genetically modified form of Pseudomonas exotoxin (PE40) which has been developed
from which the first domain which is responsible for ubiquitous cell binding was
deleted. This truncated toxin was conjugated to anti-Tac or IL-2 in order to
provide an antibody or alternatively a lymphokine -mediated method of delivering the
toxin directly to the surface of IL-2 receptor expressing cells. Anti-Tac (Fv)

sequences encompassing the variable regions of the anti-Tac light- and heavy-chains
were genetically coupled to the truncated Pseudomonas exotoxin sequence to generate
a single co-linear protein with the specificity of the antibody. In additional
studies, alternative cytotoxic agents were developed that could be conjugated to
anti-Tac that were effective when bound to the surface of Tac-expressing cells.
Specifically, in conjunction with Dr. Otto Gansow, Dr. Waldmann showed using in
vitro assays and in vivo cardiac allograft models that ^'^Bi, an alpha-emitting or

Y a beta-emitting radionuclide conjugated to anti-Tac by use of bifunctional
chelates were effective and specific immunocytotoxic agents for the elimination of
Tac-expressing cells. For example, the administration to subhuman primates of
^^Yttrium anti-Tac led to a marked prolongation of the survival of both cardiac
xenografts and allografts when compared to the survival in untreated animals or in
animals treated with unmodified anti-Tac. The use of mouse anti-Tac is hindered by
the host immune response to the murine antibody and by the lack of effector
cytotoxic capacity of the monoclonal. Therefore in collaboration with Dr. Gary
Queen, Dr. Waldmann and his coworkers have constructed a "humanized" anti-Tac
antibody by placing the complementary determining regions (CDRs) of the murine
anti-Tac antibody into the human variable region framework and gamma]^ constant
regions. In addition, a molecular model of the murine anti-Tac was used to
identify the amino acids which although outside of the CDRs had a high probability
of interacting with either the CDRs or the antigen surface. Such residues could
have an effect on antigen binding and thus were retained in the constructed
antibody.

Over the past year, hyperchimeric "humanized" anti-Tac antibodies have been
generated in which the molecule is entirely human IgGl kappa except for the small
hypervariable segments of the complementarily determining regions retained from the
mouse antibody. It is hoped that these "humanized" antibodies will be minimally
immunogenic. Furthermore, they add the new functional activity of antibody
dependent cellular cytotoxicity that was absent in the parent mouse anti-Tac while
maintaining the important functions of high affinity binding and T-cell receptor
blockade. Clinical trials will be initiated to define the efficacy of each of
these agents in the treatment of patients. Dr. Waldmann 's studies on the IL-2/IL-2
receptor system open the possibility for a major advance toward more specific,
controlled immunosuppressant strategies. Thus the clinical application of highly
potent anti-IL-2 receptor-directed agents represents a new therapeutic perspective
for certain neoplastic diseases, autoimmune disorders and for the prevention of
allograft rejection.
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Honors and Awards :

1988 Morton Grove -Rassmus sen Lecture to the International Symposium on
Immunoglobulins (Amsterdam)

1988 Rutgers Biology Colloquium Lecture
1989 Elected to Rank of Fellow, American Association for the Advancement of Science
1989 Elected to the American Academy of Arts and Sciences
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.

Iiranunoglobulins . Amsterdam: Central Lab of Netherlands Red Cross Blood Transfusion
Serv, 1988;15-43.

Waldmann TA. The primary and acquired immunodeficiency diseases. In: Sampter M,

ed. The immunological diseases. Boston: Little Brown, 1988;411-65.

Waldmann TA, Tsudo M. The role of the multichain interleukin-2 receptor in the
control of normal malignant T cell proliferation. In: Hankins WD, Puett D, eds.

Hormones, Cell Biology, and Cancer: Perspectives and Potentials. Progress in
Clinical Biological Research Vol 262. New York: Alan R Liss, 1988;262:283-93.
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Kirkman RL. Prolongation of primate renal allografts with anti-Tac monoclonal
antibody. Curr Surj 1988;45:28-30.
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type of rearrangement involving the human T cell receptor alpha gene. Proc Natl
Acad Sci USA 1987;84:8608-12.

Waldmann TA, Goldman CK, Tsudo M. The molecular biology of the multisubunit
interleukin-2 receptor. In: Mani JC, Dornand J, eds. Lymphocyte activation and
differentiation. New York: Walter de Greyter, 1988; 133-42.

Waldmann TA, Goldman CK, Tsudo M. The multichain IL-2 receptor: from the gene to
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Kaulfersch W, Fiocchi C, Waldmann TA. Polyclonal nature of the intestinal mucosal
lymphocyte populations in inflamatory bowel disease. Gastroenterology 1988:95:364-

70.

329



ZOl CB 04002-20 MET

Edidin M, Aszalos A, Damjanovich S, Waldmann TA. Lateral diffusion measurements
give evidence for association of the Tac peptide of the IL-2 receptor with the T27
peptide in the plasma membrane of HUT-102-B2 T cells. J Immun 1988;141:1206-10.
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Sheridan W, Winton EF, Chan WC, Gordon DS , Vogler WR, Phillips C, Bongiovanni KF,

Waldmann TA. Leukemia of non-T lineage natural killer cells. Transplantation. In
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.

Waldmann TA. Disorders of IL-2 receptor expression in HTLV-I-associated adult T-
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adult T-cell leukemia with anti-Tac, a monoclonal antibody to the receptor for
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Zimmerman CE, Ramos EL, Strom TB. Initial trials of the anti-human IL-2 receptor
monoclonal antibody anti-Tac in clinical renal transplantation. Transplantation. In
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Waldmann TA, Goldman C, Tsudo M. Aberrant expression of the multisubunit
interleukin-2 receptor in HTLV-I -induced adult T cell leukemia. In: Nakamura JM,
Diwan A, eds. Proceedings of the Asia-Pacific Conference on Human Retroviral
Infections. Honolulu: University of Hawaii. In press.

Waldmann TA. The multichain interleukin-2 -receptor: a target for immunotherapy of
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Oh-ishi T, Goldman CK, Misiti J, Waldmann TA. Blockade of the interleukin-2
receptor by anti-Tac antibody inhibits the generation of antigen-nonspecific
suppressor T cells in vitro. Proc Natl Acad Sci USA 1988;85:6478-82.
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The role of pyrroline-5-carboxylate (P5C) in nutrition- dependent intercellular
communication and transmembrane signaling has been previously demonstrated. Our
current studies have extended our previous findings and have elucidated the
following mechanisms. 1) P5C was released into the culture medium by a number of
cell lines. Glutamine and ornithine both could be precursors for the formation and
release of extracellular P5C but glutamine was the major source. Concentrations in
conditioned medium reached 2-3 /aM, a level which can mediate a number of effector
functions. 2) We have identified a 50 kilodalton membrane protein which may be the
specific membrane carrier protein for P5C. Previous work showed that the entry of
P5C into cells is mediated by its own special carrier mechanism which transfers
oxidizing potential pari passu with P5C entry. Using labeled p-chloromercuri-
benzosulfonate, we have identified a band on SDS PAGE which shows the same
sensitivity to specific inhibitors as does P5C uptake. 3) P5C stimulated thymidine
incorporation in cells activated by growth factors. We previously showed that PP-
Rib-P production is markedly stimulated by P5C and that PDGF interacts
synergistically with P5C. This synergism also applies to the incorporation of
[^H] thymidine . 4) The mechanism of these P5C effector functions involved the
synergistic stimulation of phosphoinositides . P5C markedly increases the
production of inositol phosphates over that produced by growth factors. These
studies further demonstrated that P5C serves as a mechanism for integrating
nutritional influences with growth factor- stimulated cellular events.

i
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Project Description

Major Findings :

1. The release of pyrroline 5-carboxylate from cultured cells into medium.

a. A new method for measuring pyrroline 5-carboxylate (P5C) in conditioned
media.

Our ongoing studies on P5C as an intercellular communicator will be greatly aided
by the development of a new method for measuring P5C. This method takes advantage
of the interaction between P5C and cysteine forming an adduct which can be isolated
by cation- exchange column chromatography. Although the exact nature of the adduct
remains undefined, evidence suggests that it is a thioester. With [ -'-'S ] cysteine the
recovery of label in adduct fractions is quantitatively dependent on the amount of
P5C. The formation of the adduct is rapid, plateaus by 6 minutes and is optimal at
pH 6.8. Specificity of formation of the adduct was shown by column exchange
chromatography of samples and assaying each fraction. Adduct formation co-migrated
with radioactive P5C. No other fractions contained measurable adduct. A
quantitative comparison of this new assay with a published P5C reductase-catalyzed
assay showed values which were virtually identical. Although this new assay is

less sensitive than the P5C reductase-catalyzed assay, it is more efficient and
requires only commercially available reagents.

b. P5C release by cultured cells.

Previous work from our laboratory showed that P5C circulates in human plasma as a
nutrient -dependent constituent. We studied the synthesis and release of P5C by
cells into culture medium to elucidate the regulation of this regulatory molecule.
A variety of cells, MCF-7, LLC-RKl, LLC-PKl and several lines of normal human
fibroblasts, accumulate P5C in the medium. The concentration of P5C increases
linearly with time for 8 hours after which it increases curvilinearly. The highest
levels, 2-3 ^, were seen with fibroblasts. Glutamine was the main source of the
P5C. In its absence, P5C accumulation fell to 10%. Although ornithine can also
serve as the source of P5C, high concentrations are required (10 /jM) . Furthermore,
fibroblasts lacking ornithine aminotransferase, the enzyme converting ornithine to
P5C, showed comparable levels of P5C accumulation as normal fibroblasts. These
levels in medium are approaching the concentrations of P5C which produce
stimulatory effects on cells, a finding which suggests that the efflux and influx
of P5C may play a regulatory role in cell physiology.

2. The effector functions of P5C.

a. P5C stimulation of thymidine incorporation.

We previously characterized the synergistic stimulation of phosphoribosyl
pyrophosphate (PP-Rib-P) by platelet-derived growth factor (PDGF) and P5C. Our
current work shows that P5C also stimulates the incorporation of thymidine. In the
presence of 5% fetal bovine serum or .01 units/ml of PDGF to activate quiescent
fibroblasts, P5C increased [ ^H] thymidine incorporation 50% over FBS and 20% over
PDGF but was without effect by itself. The effect was evident with [P5C] as low as

10 /tM and plateaued at 100 jM. The half-maximal concentration was 15-50 JM.
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Critical factors in eliciting this effect are: 1) The presence of P5C must be
restricted to early Gl. In late Gl, P5C can be inhibitory. Importantly,
stimulation occurred with as little as 30 minutes of exposure. 2) P5C stimulated
only in subconfluent cells (5x10-^ cells/cm'^) in which the entry into S is somewhat
later than in confluent cells. 3) In confluent cells, P5C can be inhibitory.
These findings implicate an interaction of P5C with signaling mechanisms rather
than with the synthesis of ribonucleotides.

b. The effect of P5G on inositol phosphates.

Previous work on the synergism between P5C and PDGF in stimulating PP-Rib-P
suggested an interaction at the level of phosphoinositide turnover. Our recent
studies showed that P5C markedly augmented the release of inositol phosphates. In
cells prelabeled with [-'H]myoinositol, labeled inositol phosphates released from
membrane phospholipids were quantitated by anion- exchange column chromatography.
P5C , by itself, was without effect, but it increased inositol phosphates by 50%
over that of 5% FBS alone. The stimulation was seen with [P5C] as low as 5 X(M and
plateaued at 50/^. Half -maximal concentration was about 10/M. Since P5C levels in
human plasma as well as in conditioned medium can attain levels of 2-3 jUVi, these
effects of P5C on cultured cells may be physiologically important.

c. Identification of the P5C membrane carrier protein.

Previous studies showed that P5C enters through its own membrane carrier which does
not recognize any of the naturally-occurring amino acids. However, it does
recognize certain structural analogues to P5C, e.g., 2 -pyridine carboxaldehyde
(2PC) . Furthermore, P5C uptake is sensitive to inhibition by low (^M)

concentrations of p-chloromercuribenzosulfonate (PCMBS) which inactivates cell
surface proteins by reacting with free sulfhydryl groups. The presence of P5C or
P2C, presumably by binding to the P5C carrier, protects against this effect of
PCMBS. Using [^^'^Hg] PCMBS incubated with cells in the presence and absence of P5C
or P2C, we were able to identify a 50 kilodalton band which was sensitive to P5C
and P2C.

Publications:

Mixson AJ , Phang JM. The uptake of pyrroline 5-carboxylate : group translocation
mediating the transfer of reducing -oxidizing potential. J Biol Chem 1988 : 263 ; 10720-

4.

Yeh GC, Phang JM. Stimulation of phosphoribosyl pyrophosphate and purine nucleotide
production by pyrroline 5-carboxylate in human erythrocytes. J Biol Chem
1988:263;13083-89.

Phang JM, Scriber CR. Disorders of proline and hydroxyproline metabolism. 6th Ed.

Scriver CR, Beaudet AL, Sly WS , Valle D, eds . In: The metabolic basis of inherited
disease. New York: McGraw-Hill, 1989; 577-97.

Fleming GA, Granger A, Rogers DR, Prosser M, Ford DB, Phang JM. Fluctuations in

plasma pyrroline-5-carboxylate concentrations during feeding and fasting. J Clin
Endocrin Metab 1989, in press.
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Merrill M, Yeh GC, Phang JM. Purification and characterization of human
erythrocytes pyrroline-5-carboxylate ireductase. J Biol Chem 1989, in press.

Flynn MP, Martin MC, Moore PT, Stafford JA, Fleming GA, Phang JM. Type II
hyperprolinaemia in a pedigree of Irish travels (nomads). Arch Dis Childhood
London, 1989, in press.
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The development of techniques to facilitate gene therapy in man has continued to be

a major emphasis of our work. Using a retroviral gene transfer system, we have

successfully transferred the gene for adenosine deaminase into ADA deficient T

cells in vitro and totally corrected the biochemical defect in these cells. Using

bone marrow transplantation model in monkeys, we have reconstituted irradiated

monkeys with autologous marrow which has been treated with the human ADA retrovirus

vector. These monkeys were found to express human ADA in their peripheral blood

cells for up to 120 days after reconstitution. The level and duration of expressior,

are insufficient to attempt human reconstitution at this time but the results

suggest that this approach may ultimately provide a successful mechanism for the

treatment of a variety of genetic disorders of man. We have also used cultured

lymphocytes and fibroblasts as cellular vehicles for gene transfer in animals. With

T cells as the carriers of transduced genes, mice have continued to express human

ADA, rat growth hormone, and neomycin phosphotransferase for many weeks. Dr. Blaese

and colleagues Steven A. Rosenberg and W. French Anderson have recently performed

the first authorized gene transfer experiment in man using the neoR gene to mark T

lymphocytes used in cancer therapy. Our studies developing and defining the new

immunosuppressive drug succinylacetone (SA) have continued. We have found that this

agent is perhaps the most potent T and B cell immunosuppressive compound available,

blocking tumor allograft rejection and preventing GVHD during total allogeneic bone

marrow transplantation while allowing normal engraftment and reconstitution to

occur. SA is a very potent inhibitor of both primary and secondary antibody

responses. Trials of SA in a rat model of autoimmune eye disease have shown that

is remarkably effective in preventing a type of uveitis that usually results in

blindness in experimental animals. SA has been shown to prevent rejection of

cardiac allografts in rats and preliminary experiments in primates have shown it tc

be effective in preventing antibody production and cardiac allograft rejection.
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Project Description

Major Findings :

A major effort of the Cellular Immunology Section has continued to focus on
the development of techniques of gene transfer which will be useful for the
application of gene therapy in man. Several systems have been studied including
retroviral mediated gene transfer into bone marrow progenitor cells, cultured
fibroblasts, transformed T cells and primary antigen specific IL-2 independent T
cell lines from mice, rats, monkeys and IL-2 dependent T cells from man. We have
been successful in transferring the gene for adenosine deaminase into ADA deficient
T cell lines and totally correcting the biochemical defect in these cells in vitro .

Using autologous bone marrow transplantation in lethally irradiated monkeys, we
have been successful in transferring the gene for human ADA into these monkeys.
Expression of the human enzyme in the peripheral blood mononuclear cells of the
recipient animals was detected within 45 days of transplantation and persisted for
another 100 days. These results are very encouraging, but the level of expression
of human enzyme was low and not sustained for a long enough period to permit
application of present techniques to the therapy of human disease. To avoid some
of the problems encountered with bone marrow gene therapy, we have been developing
the alternative approach of using lymphocytes and fibroblasts as cellular vehicles
for gene transfer. Lymphocytes have several potential advantages for gene therapy.
Cultured lymphocytes are readily infected with retroviral vectors, can be selected
for appropriate gene expression in culture, and can be thoroughly tested before
reintroduction into the body. The antigen specificity of lymphocytes can also be
utilized to expand the population of gene transduced cells in vivo by simple
immunization or to target the introduced gene to certain specific sites in the body
such as directing antineoplastic factors to the sites of tumor metastases. We have
shown that murine antigen specific T cells transduced with the genes for neomycin
resistance and human ADA will survive for many weeks after reintroduction into
intact animals and will continue to express both genes at high levels. Lymphocytes
and fibroblasts transduced with the gene for growth hormone have been reintroduced
into hypophectomized mice and rats and result in the production of growth hormone
in these animals. Gene therapy combined with autologous bone marrow
transplantation will be important for the treatment of many inherited human
diseases, but it may well be that cultured lymphocytes and/or fibroblasts will be
the first cellular vehicles bringing clinical application of gene transfer as a
therapeutic procedure.

We have continued with our long-time interest in the Wiskott-Aldrich syndrome with
studies of platelet function before and after splenectomy, changes in platelet cell
membrane glycoproteins occurring after splenectomy, detailed lymphocyte phenotype
analysis of both T cells and B cells, family genetic linkage analysis using X-
chromosome RFLPs

, and carrier detection based on the pattern of X-inactivation
found in peripheral cells of the carriers. This latter study is based on the
observation that the affected boys have defects in T cell, B cell, monocyte,
granulocyte, and platelet function and yet the carrier females have no detectable
defects in any of these lineages. Since all females are mosaics for traits
inherited on the X- chromosome because of random inactivation of one of her two X-
chromosomes (lyonization) occurring in the early embryo, carriers might be expected
to demonstrate abnormalities unless all their cells were derived from precursors in
which the chromosome carrying the defective gene was inactivated. We have studied
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this question using RFLPs for the probes to the X- linked genes PGK and HPRT to

distinguish the maternal from the paternally inherited X-chromosome and methylation

sensitive restriction endonucleases to distinguish the active from the inactive X-

chromosomes . Whereas approximately half the cells from normal females express the

genes on the paternally derived X and the remaining express genes from the

maternally derived X-chromosome, the T cells, B cells, and granulocytes from

obligate carriers of the WAS gene were found to be using only 1 of the 2

chromosomes in all their peripheral cells. This strikingly unbalanced pattern of

X-inactivation was not seen in any of the more than 80 normal females studied and

thus appears to represent a reliable marker for the carrier state in these females.

Our studies of the immunosuppressive compound succinylacetone have continued to

provide exciting information about this most potent of immunosuppressive agents.

Succinylacetone is a seven carbon organic acid. It is an inhibitor of the second

step of heme biosynthesis and has been shown to have inhibitory effects on the

growth of certain tumors in vitro. We initially demonstrated that the compound

appeared to have potent immunosuppressive activity in the rat because it was

capable of preventing the rejection of tumor allografts. More recent studies

showed that succinylacetone behaves as a profound suppressive agent for T cell

mediated immune functions. It not only blocks tumor and other forms of allograft

rejection but also prevents graft vs. host disease induced in adult Fl animals

after the injection of parental strain lymphoid cells. In a model of bone marrow

transplantation in fully allogeneic adult rats, succinylacetone treatment not only

prevented lethal graft vs. host disease in the transplanted animals but also

permitted normal engraftment and full reconstitution. The striking finding is that

the treatment required to prevent graft vs. host disease was limited to 24 days of

duration and yet the animals remained fully chimeric for at least 300 days post

bone marrow transplantation. Immune competence returned to the transplanted

animals in a timely fashion, and survival in the recipients of allogeneic cells was

equivalent to the survival in transplant recipients receiving syngeneic bone

marrow. Succinylacetone has been shown to have profound effects on the B

lymphocyte system as well. Initially, it was shown to inhibit the production of

antibodies to sheep erythrocytes in rats treated for a period of 2 weeks. We have

extended these initial studies to demonstrate that the drug has immunosuppressive

effects in mice as well. Using a series of model antigens that are both helper T

cell dependent and helper T cell independent type I and type II antigens, we have

shown that succinylacetone interferes with the production of antibodies to all

classes of antigen. Therefore its inhibitory effects cannot be explained solely by

the inhibition of T cell function. Thus, succinylacetone is one of the very few

agents that has profound effects on the production of antibodies and

immunoglobulin. In a series of collaborative studies with Alan Palestine of the

National Eye Institute, we have been treating Lewis rats that have been injected

with purified retinal protein that induces a model disorder of inflammatory

uveitis. 100% of Lewis rats develop blindness within 14 days of treatment with

Freund's containing purified retinal protein. Antibodies can be detected to the

retinal protein within 7 days, and usually by 10 days after immunization,

inflammatory changes can be found involving the retina as well as other optical

structures. Animals treated with succinylacetone from the first day of retinal

protein injection were totally protected from the development of inflammatory

uveitis. Even if the inflammatory uveitis process were allowed to initially

develop to the point that antibodies to the retinal protein had been produced,

initiation of succinylacetone therapy at 7-8 days was still able to totally prevent
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the destructive retinitis associated with this animal model. This form of therapy
is the most effective in this animal model, exceeding the effectiveness of
cyclosporin A, the current agent of choice in the therapy of autoimmune disorders.
The mechanism of action of succinylacetone is unclear. Although the agent has an
antiproliferative effect to T cells and B cells in vitro . the dose required in
vitro also inhibited the proliferation of non-lymphoid cells, such as fibroblasts
and tumor cells . The observation that bone marrow engraftment proceeds normally in

the presence of profoundly immunosuppressive effects also suggest that this is not
a general antiproliferative type agent. Preliminary studies of adding various
growth factors to cells in vivo and in vitro have been unable to overcome the
immunosuppressive effects of the drug. We have extensively analyzed histology and
blood chemistries in animals treated with toxic doses of succinylacetone and have
found no consistent pathological finding other than a profound depletion of the
lymphoid areas in all tissues. With 14 days of high dose succinylacetone therapy,
the thymus of treated animals almost totally involutes, giving the histological
appearance of the thymus seen in infants with one of the forms of SCID. Thus
succinylacetone in addition to being a profound and potentially useful clinical
immunosuppressive drug, may provide us with a mechanism for studying a variety of
cellular pathways.

Publications :

Kohn DB, Anderson W, Blaese RM. Gene therapy for genetic diseases. Cancer
Investigation, in press.

Blaese RM, Lane EC. AIDS and other immunodeficiency diseases. In: Kelley WN, Harris
ED, Ruddy S, Sledge CD, eds . Textbook of rheumatology, 3rd Ed. Philadelphia: WB
Saunders, 1989 ; 1355-85

.

Blaese RM, Poplack DP, Muchmore AV. Disorders of the mononuclear phagocyte system.
In: Stiehm R, Fulgeniti V, eds. Immunologic disorders of infants and children, 3rd
Ed, Chapter 16. Philadelphia: WB Saunders, 1989; 364-83.

Douglas S, Hassan NF, Blaese RM. The mononuclear phagocytes. In: Stiehm R,

Fulgeniti V, eds. Immunologic disorders of infants and children, 3rd Ed, Chapter 6.

Philadelphia: WB Saunders, 1989; 81-96.

Blaese RM. Genetic immunodeficiency syndromes with defects in both T and B
lymphocyte functions. In: Scriver DR, Beaudet AL, Sly WS , Valle D, eds. The
metabolic basis of inherited disease, 6th Ed. New York: McGraw-Hill, 1989; 2697-
2709.
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340



ZOl CB 04015-18 MET

Eglitis MA, Kantoff PW, Kohn DB, Karson E, Moen RM, Lothrop CD Jr, Blaese RM,
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Blaese RM, Hong R. Combined immunodeficiency syndromes. In: Oski FA, DeAngelis C,
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Lippincott. (In press)
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Acyclovir treatment of the chronic fatigue syndrome: lack of efficiency in a

placebo-controlled trial. N Engl J Med 1988;319:1692-98.
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Project Description

Major Findings :

-IOC

Evidence that the lysosomal enzyme. K-galactosidase . inhibits the binding of Iz.

IGF-II to the IGF-II/Man-6-P receptor by binding to the mannose 6-phosphate

recognition site.

During a collaborative study with Gary Sahagian, Tufts University, on the

biochemical and immunologic comparison of the IGF-II receptor and the mannose 6-

phosphate receptor, it was demonstrated that the lysosomal enzyme, &-

galactosidase, inhibited the binding of '-^^I-IGF-II to the mannose 5-phosphate

receptor as measured by affinity crosslinking. We have performed additional

experiments to further characterize the inhibition of IGF-II binding by &-

galactosidase. We demonstrated that incubation of E- galactosidase with ^ I -IGF-

II did not result in degradation of the radioligand as measured by trichloroacetic

acid precipitation. In addition, inhibition of the enzymatic activity of £-

galactosidase with D-galactonic acid gamma lactone did not affect the ability of £-

galactosidase to inhibit the binding of '-^^I- IGF- II to the receptor. Thus the

ability of E-galactosidase to inhibit the binding of IGF-II to the receptor is not

attributable to contaminating proteases or the potential alteration of the

carbohydrate portion of the receptor by £- galactosidase acting as an enzyme. We

purified fi-galactosidase from bovine testis by affinity chromatography, first on

Concanavalin A-Sepharose and then on p-aminobenzyl-1-thio-ii-D-galactopyranoside-

Agarose. We then performed ion exchange chromatography on DEAE-Sephacel to isolate

acidic forms of the enzyme which had been shown to exhibit high cellular uptake via

the IGF-II/Man-6-P receptor. There was a 2.5-8 fold enhancement in the ability of

the high uptake forms of the enzyme to inhibit the binding of '-^^I- IGF- II to the

receptor. Preparations of high uptake forms of E-galactosidase inhibited the

binding of '^^I- IGF- II to preparations of pure receptor with the concentration

required for half-maximal inhibition of binding being 25 nM. Co -incubation with

mannose 6-phosphate prevented the inhibition of •'-^-'I- IGF- II binding by fi-

galactosidase and the dose response curve for reversal by mannose 6-phosphate was

characteristic for interaction of mannose 6-phosphate with the IGF-II/mannose 6-

phosphate receptor. Scatchard analysis of IGF-II binding to pure receptor in the

presence of concentrations of fi- galactosidase which caused partial inhibition of

'^^I- IGF- II binding, demonstrated that E-galactosidase caused a decrease in binding

affinity for IGF-II. This result would be consistent with models in which E-

galactosidase inhibits binding of IGF-II by binding to an adjacent site or in which

E-galactosidase binds at a distal site and changes the conformation of the

receptor. In any case, it seems clear that E-galactosidase inhibits the binding of

IGF-II to the receptor by binding to the mannose 6-phosphate recognition site.

Thus lysosomal enzymes could modulate both the cellular uptake of IGF-II via the

IGF-II/Man-6-P receptor and signaling by IGF-II through this receptor.

IGF-II is a substrate for Cathepsin C

While testing whether or not the inhibition of ^^^I- IGF- II binding to the IGF-

II/Man-6-P receptor by various lysosomal enzymes could be explained by digestion of

the radioligand by the hydrolases, we observed that incubation of rat •'-^-'l- IGF- II

with Cathepsin C resulted in the conversion of a fraction of the radioligand to a
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trichloroacetic acid soluble form. Analysis of the digestion products by reversed
phase high pressure liquid chromatography, revealed the presence of a species which
eluted slightly before the untreated radioligand. Rat IGF-II isolated from the

media conditioned by a rat liver cell line BRL 3A had been shown by others to be an

approximately 50:50 mixture of two species having amino termini of Ala-Tyr-Arg-
Pro-Ser or Tyr-Arg-Pro-Ser Based on the properties of Cathepsin C it

would be predicted that the IGF-II species with an N terminal Ala would be a

substrate, the enzyme cleaving off the dipeptide Ala-Tyr and then stopping at Arg.

If the tyrosine residue in the cleaved dipeptide had been radiolabeled with I,

then this would explain the increase in trichloroacetic acid solubility of the
radiolabeled IGF-II following treatment with Cathepsin C. The IGF-II species
beginning with Tyr-Arg-Pro-Ser... would not be expected to be a substrate for
Cathepsin C because of the proline residue in the third position. To test this

prediction, unlabeled rat IGF-II was treated with Cathepsin C and the species with
the shorter elution time on reversed phase HPLC was isolated. N terminal amino
acid sequencing of this species performed by William Burgess, the Jerome Holland
Red Cross Laboratory, confirmed that the species began with Arg-Pro-Ser as

predicted. In addition, human IGF-II which has an amino terminal sequence of Ala-
Tyr-Arg-Pro-Ser.... was treated with Cathepsin C. All of the IGF-II was converted
to a species with a mobility on reversed phase HPLC which was slightly faster than
the untreated IGF-II. The amino terminal sequence of this species was Arg-Pro-Ser
as predicted. We compared the native human IGF-II and the desdipeptidyl IGF-II in
a variety of assays that assessed the ability of these two species to interact with
IGF receptors and IGF binding proteins. The two species were indistinguishable in
binding to the IGF-II/Man-6-P receptor from rat placenta, the IGF-I receptor from
human placenta, the 150 kDa binding protein from adult rat serum, and the 40 kDa
binding protein from 3 day postnatal rat seriom. In addition, two IGF-II species
were equipotent in stimulating -^H thymidine incorporation into DNA in MG63 cells, a

human osteosarcoma cell line in which stimulation of DNA synthesis by IGFs is

signaled through the IGF-I receptor. Thus removal of the N terminal two amino
acids from IGF-II does not result in loss of ability to bind to IGF binding
proteins or IGF receptors. This is of interest in light of the report that
destripeptidyl IGF-I has greatly reduced binding affinity for one of the IGF
binding proteins.

IGFs and the growth of the rat cell line 1854 in serum- free medium

Rosenfeld and his colleagues reported that the rat cell line 1854 which produces
IGF-II, has IGF-II/Man-6-P receptors and responds to IGF-II with an increase in
cell number. Furthermore these workers reported that an antiserum directed against
IGF-II/Man-6-P receptor blocked the multiplication of 1854 cells in serum-free
medium. Because of their conclusion that the IGF-II/Man-6-P receptor was signaling
cell multiplication in this cell line, we attempted to confirm these observations.
We found that if the serum- free medium was changed every 24 hours the cells
multiplied just as rapidly as when the medium was left unchanged over a several day
period. However, if the medium was changed every 12 hours, total cell number did
not increase. In the cultures in which the medium was changed every 12 hours,
cells died around the periphery of the culture, while cells in the center continued
to multiply. Thus the failure to increase cell number represented the summation of
cell multiplication and cell death. When IGF-II or IGF-I was added to the cells in
the media change every 12 hours, there was no increase in cell number; instead,
cell number actually declined after several days in culture in the presence of
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IGF-I or IGF-II. The rate of cell multiplication in the center of the cultures as

measured by autoradiography following -'H- thymidine incorporation was not enhanced

by addition of IGF-I or IGf-II. Furthermore the rate of cell multiplication as

measured by cell number under conditions where the cells were growing maximally
(media change every 24 hours) was not decreased by addition of an anti-IGF-II/Man-

6-P receptor IgG at concentrations which blocked binding of '-'^^I- IGF- II to the IGF-

II/Man-6-P receptor. We conclude that IGF-II does not appear to be an autocrine

growth factor or survival factor for these cells although IGF-II is being produced.

Publications :

Kiess W, Blickenstaff CD, Sklar MM, Thomas CL, Nissley SP, Sahagian GG.

Biochemical evidence that the type II insulin- like growth factor receptor is

.identical to the cation- independent mannose 6 -phosphate receptor. J. Biol Chem
1988;263:9339-44.

Gelato MC, Kiess W, Lee L, Malozowski S, Rechler MM, Nissley SP. The insulin-like
growth factor- Il/mannose 6-phosphate receptor is present in monkey serum. J Clin

Endocr Metab 1988;67:669-75.

Luyten FP, Hascall VC , Nissley SP, Morales TI , Reddi AH. Insulin- like growth

factors maintain steady- state metabolism of proteoglycans in bovine articular
cartilage explants. Arch Biochem Biophys 1988;267:416-25.

Rechler MM, Yang YW-H, Brown AL, Romanus JA, Adams SO, Kiess W, Nissley SP.

Insulin-like growth factors in fetal growth. In: Bercu BB, ed. Basic and clinical
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Nissley SP. Growth factors. In: Becker KL, ed. Principles and practice of
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type II IGF receptors in rat brain. Peptides 1989; in press.
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Studies were performed to examine the maturation and regulation of the human immune
I
/

response in normal individuals and in patients with congenital and acquired immune
i

deficiency states associated with a high frequency of cancer. The interaction of
the T-cell derived lymphokine interleukin-2 (IL-2) with its cell membrane receptor
(IL-2R) plays a pivotal role in the establishment and maturation of the immune
response. Elevated levels of soluble Tac protein were found is the serum of
several retroviral associated diseases including the adult T-cell leukemia (ATL)

,

lairy cell leukemia (HCL) , and the acquired immune deficiency syndrome (AIDS).
Favorable responses to therapy in ATL and HCL were associated with reductions in
serum Tac protein. Measurement of Tac protein in serum is thus useful in the
liagnosis and management of certain cancer patients and in monitoring the state of
Lmmunologic activation in humans in vivo . In a continuing effort to define the
lature of certain immunodeficiency disorders and to gain insight into human B-
Lymphocyte maturation, we have initiated molecular genetic studies of a kindred
vith X- linked hypogammaglobulinemia and isolated growth hormone deficiency.
Happing studies by restriction fragment length polymorphism have shown that this
disease is due to a gene distinct from that causing the more common form of X-
Linked agammaglobulinemia or Bruton's disease. Another unique human
Immunodeficiency associated with a prevalence of T-cells expressing the gamma and
delta chains of the human T-cell receptor for antigen was identified and
characterized. The study of immunodeficiency disorders provides unique molecular
insights into the maturation of B-cells and T-cells in man.
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Project Description

Major Findings :

The cell membrane receptor for the T-cell derived lymphokine , interleukin-2 (IL-2)

is a multichain structure consisting of at least two proteins with molecular
weights of 55 and 75 kilodaltons (kDa) . Hybridoma- derived monoclonal antibodies
binding to distinct epitopes on the 55 kDa molecule have been produced and this
chain has been termed the Tac protein. The soluble Tac protein is 10 kDa smaller
in size than the cell-membrane form of this molecule and specifically binds IL-2,
albeit at low affinity (20 nM)

.

Using two monoclonal antibodies directed against distinct epitopes on the Tac
protein, we constructed a "sandwich" enzyme-linked immunoassay (ELISA) to
quantitatively measure soluble Tac molecules. Soluble Tac protein was measurable
in the serum and urine but not cerebrospinal fluid of all normal individuals.
Since soluble Tac protein was produced by activated normal lymphocytes and
monocytes as well as constitutively produced by certain tumor cell lines, we
undertook studies to measure the level of Tac protein in body fluids of certain
patients with cancer and other patients whose immune system might be undergoing
activation in vivo.

Elevated levels of soluble Tac protein were observed in diseases associated with
hioman retroviral infections including the adult T-cell leukemia (ATL) , hairy cell
leukemia (HCL) , and the acquired immune deficiency syndrome (AIDS) . Elevations of
soluble Tac protein were also observed in several groups of patients with
neurological diseases including multiple sclerosis and schizophrenia. The
measurement of Tac protein from the human IL-2 receptor in various body fluids is
useful in the diagnosis and management of patients with neoplastic and inflammatory
disorders

.

While the genes encoding foreign antigen binding immunoglobulin molecules on B-
cells (Ig) have been molecularly cloned, our knowledge of the regulation and
maturation of the expression of these genes is still very limited. One example of
abnormal expression of these genes occurs in the primary immunodeficiency diseases
such as X- linked hypogammaglobulinemia and isolated growth hormone deficiency where
B-cell maturation is apparently blocked at the pre-B-cell level. Therefore a
molecular understanding of the cause of disordered gene expression in these
patients might provide important information as to the regulation of the expression
of immunoglobulin genes during normal development. Mapping studies by restriction
fragment length polymorphism have shown that X- linked hypogammaglobulinemia and
isolated growth hormone deficiency is due to a gene distinct from that causing the
more common form of X- linked agammaglobulinemia or Bruton's disease. Currently,
studies are underway to examine more closely how these patients differ from those
with Bruton's disease.

In addition studies directed at the regulation of T-cell development, we have begin
to study the functional and molecular characteristics of human T- lymphocytes
expressing the gamma/delta form of the human T-cell antigen receptor in a patient
with a unique cellular immunodeficiency associated with an expanded population of
morphologically normal gamma/delta T-cells. While appearing to express a single
form of the gamma chain, these gamma/delta cells have been found to be
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heterogeneous with regard to the cell surface expression of delta molecules, CD2

molecules and CDS molecules. They are functional in T-cell mediated cytotoxic
reactions but fail to proliferate to a variety of stimuli. Studies of this

patient's gamma/delta cells as well as gamma/delta cells from normal individuals
will hopefully lend insight into the structure and function of the genes being
expressed in this lineage of early T-cells and their relationship to T-cells
expressing the more common alpha and beta chains of the T-cell antigen receptor.

Publications :

Goldstein AM, Marcon L, Cullen BR, Nelson DL. A competitive enzyme-linked
immunoassay (ELISA) for the measurement of soluble htiman interleukin-2 receptors
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2

receptor levels as an indicator of liver allograft rejection. Transplantation
1989;47:77-81.

Rapaport MH, McAllister CG, Pickar D, Nelson DL, Paul SM. Elevated levels of
soluble interleukin-2 receptors in schizophrenia [letter]. Arch Gen Psychiatry
1989;46:291.

Delclos GL, Flitcraft DG, Brousseau KP, Windsor NT, Nelson DL, Wilson RK, Lawrence
EC. Bronchoalveolar lavage analysis, galli\ara-67 lung scanning and soluble
interleukin-2 receptor levels in asbestos exposure. Environ Res 1989;48:164-78.
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Last year represented a transition in the major focus of my laboratory. Research
has progressed from the purification, immunologic characterization, sequencing, and
cloning of uromodulin, an 85 KD immunorepressive glycoprotein derived from
pregnancy urine, to focusing on the characterization of glycosylation patterns
responsible for the biologic activity of uromodulin. Utilizing a combination of
protease digestion and multiple chromatographic steps, we have purified to
homogeneity and structurally characterized by 'H NMR two profoundly biologically
active high mannose oligosacharides . Based on these structural observations,
alternative sources for active oligosacharides have been found which include egg
white protein, soybean meal, and yeast mannan. These compounds inhibit and enhance
the immune response both in vitro and in vivo. Utilizing defined oligosaccharides
ranging from 7-11 sugar residues, we have, performed a number of structure function
studies. These compounds inhibit T cell responsiveness, enhance PGE2 synthesis,
induce collagenase release, block hydrogen peroxide formation, activate the hexose
monophosphate shunt, bind to IL-1, TNF, and IL-2, and regulate the expression of
DR. We have applied for a patent covering the immunoregulatory activity of these
structurally unique compounds.
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Project Description

Major Findings :

1) The immunosuppressive oligosaccharides of uromodulin have been purified and

structurally characterized.

2) A panel of related oligosaccharides have also been purified and structurally
characterized.

3) These compounds have been shown to

a. block T cell responsiveness in vitro .

b. induce a delayed inflamatory response in vitro.

c. induce PGE2 synthesis in vivo.

d. compete with binding to IL-1, IL-2 and TNF.

4) In vivo studies have shown species restricted activity in mice, guinea pigs and
miniature swine.

5) In vitro studies now demonstrate that these raannose oligosaccharides directly
interact with the transcriptional activator factors AP-1, AP-3 and TNF-1.

We have also shown that IL-2 and TNF directly bind to class II antigens and can
regulate their expression in vitro. This binding is mediated by oligosaccharides
expressed by class II molecules.

Publications :

Blaese RM, Poplack D, Muchraore AV. Disorders of the mononuclear phagocytic system.
In: Stiehm R, Fulgeniti V, eds . Immunologic disorders of infants and children, 3rd
Ed. Philadelphia: WB Saunders, 1989; 364-83.

Sherblom AP, Decker JM, Muchraore AV. The lectin like interaction between
recombinant tumor necrosis factor and uromoduling. J Biol Chem 1988;263:5418-24.

Kumar S, Muchraore AV. Tarara-Horsfall protein/uromodulin. Kidney International 1989;
in press.

Sherblora AP, Decker JM, Sathyamoorthy N, Muchraore AV. Evidence that recorabinant IL-
2 is a lectin with specificity for high mannose oligosaccharides. J Immunol 1989;
in press

.
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We have studied the mechanisms by which T cells recognize antigens that are
proteolytically processed and presented in association with major histocompati-
bility complex (MHC) -encoded molecules, the factors that determine which antigenic
structures are immunodominant, and the application of these principles to the

design of synthetic vaccines for AIDS and malaria. We identified an intracellular
thiol protease like cathepsin B as the major protease necessary and sufficient for

processing myoglobin to present multiple determinants, allowing prediction of sitesj

of cleavage. Using allelic MHC molecules and site directed mutants of a class II

MHC molecule, we demonstrated that T cell receptors (TCR) interact with MHC
molecule residues as well as the antigenic peptide, and that the same determinant
can bind to the same MHC molecule in different ways. We showed that both helper and

cytotoxic T cells (CTL) tend to recognize sequences that can fold as amphipathic
helices, and that such peptides do fold as helices in membrane -mimetic solvents. We

found that humans can distinguish variant malaria epitopes, but that cross-
reactivity also occurs that may allow a multivalent vaccine. We also demonstrated
two protective mechanisms in a mouse malaria model, one requiring CTL, and
identified CTL epitopes from mouse and human malaria circumsporozoite proteins. Wi

identified multideterminant regions of the HIV envelope seen by mice of multiple
MHC types, as well as peptides seen by 50-67% of humans of diverse HLA types,

j allowing for the possibility to circumvent MHC restriction problems. We showed that

'some of these T-cell epitopes could elicit help for antibody responses in mice,

goats and monkeys. We found that humans infected with HIV retained IL-2 production
in response to soluble protein antigens even when T-proliferative responses were
lost. We also showed that HIV sequence variation in an immunodominant CTL
determinant involved residues interacting with class I MHC molecules as well as

ones interacting with the TCR, and suggested a mechanism by which HIV escapes
immune control. ^-^
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Project Description

Major Findings :

We have been studying the mechanisms by which T cells recognize antigens on the

surface of other cells in association with major histocompatibility complex (MHC)

-

encoded molecules, the factors that determine which antigenic structures are more

likely to be recognized, and the application of these principles to the design of

synthetic vaccines for AIDS and malaria. T cells recognize antigen after it has

been proteolytically processed into fragments or unfolded forms which then
associate with MHC molecules. Each of these steps can influence which antigenic
determinants are seen by T cells.

At the antigen processing step, we have found that the products of natural
processing of antigen are generally larger than the synthetic peptide corresponding
to the minimal antigenic determinant, and may contain structures that hinder
binding to the MHC molecule or T-cell receptor (TCR) . Therefore, it is of

importance to be able to predict the structure of processed fragments. As a first

step toward prediction of the sites of cleavage, we have analyzed the proteases
responsible for processing myoglobin to present three different determinants to

different T-cell clones. The same protease, an intracellular thiol protease such

as cathepsin B, was both necessary and sufficient to process myoglobin to present

all three determinants. Moreover, the sites of cleavage by cathepsin B could
account for the sizes of fragments produced by the processing of myoglobin.
Therefore, identification of this protease may allow prediction of cleavage sites

for other protein antigens, and the structure of their processed fragments.

Second, different MHC molecules preferentially present different peptides from the

same protein. However, we have found a case in which the same immunodominant

determinant is seen by T cells from three distinct MHC types, in each case with
different class II MHC molecules. Studies of overlapping peptides and peptides

with amino acid substitutions suggest that the different T cells are seeing the

peptide in a similar conformation, with similar critical residues. Nevertheless,

none of the T-cell clones responded to the peptide on more than one of the three

allelic class II MHC molecules, indicating that T cells were specific for the MHC

molecule as well as for the peptide. Either the TCR bound directly to residues of

the MHC molecule itself, or the peptide bound to MHC in subtly different
conformations not detected by our studies. To determine the role of residues of

the MHC molecule more directly, we studied a series of site-directed mutants made

by D. McKean containing single amino acid substitutions, or groups of

substitutions, that correspond to poljnnorphic differences between two alleles of

this class II MHC molecule. Mutations at certain positions differentially affected

presentation of the same antigenic determinant to different T-cell clones. If the

mutant residues were on the MHC helices, they could contact either the TCR or the

antigenic peptide, but one mutation on the floor of the peptide -binding groove,

inaccessible to the TCR, enhanced presentation of the same determinant to some T

cells and diminished it to others. This result suggests that different T cells can

see the same determinant in different positions or conformations in the same MHC

molecule. These results affect attempts to determine which residues of a peptide

interact with the TCR or the MHC molecule, and make it unlikely that a common

sequence motif can be found that will explain all peptides that bind to a given MHC

molecule

.
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Third, we have examined structural features intrinsic to the antigenic determinant,
and found that peptides that can fold as amphipathic helices are statistically more
frequent among immunodominant T-cell determinants than in protein sequences in
general. With a sampling twice the size of our original study, the fraction of
sites with this property that are immunodominant with class II MHC molecules has
remained nearly the same (71% vs 75%), and still highly significant (p<0.003).
Moreover, only a few sites seen with class I MHC molecules have been identified,
but 10/11 of these also have this property, indicating that the same chemical
principles probably apply to recognition with class I MHC molecules as well. In
collaboration with Lila Gierash, we have also found that peptides with sequences
compatible with folding as amphipathic helices form such helices in membrane

-

mimetic environments as measured by circular dichroism, and are surface active by
tensiometry, whereas two control peptides did not have these properties. Finally,
we tested the predictive capability of the amphipathic ity algorithm by searching
for a T-cell epitope in the 1-55 region of myoglobin where we knew one existed but
had not been localized. Using evenly spaced overlapping peptides, we identified
the major epitope in this sequence, and it corresponded to the segment with the
highest amphipathic score. These correlations may be valuable in searching for
immunodominant determinants for vaccine development.

We applied these results to the design of synthetic vaccines for malaria and AIDS.
In the malaria case, with Lou Miller's malaria section, we had previously found two
immunodominant sites for helper T cells of both mice and humans, both predicted by
this algorithm, from the P. falciparum circumsporozoite protein. These derive from
parts of the protein that are variable among isolates of P. falciparum , so we asked
whether this variability affected T-cell recognition. We found that T cells from
some humans from a malaria- endemic area of Africa could distinguish the variants of
these sites, so that the mutations are not immunologically silent. On the other
hand, evidence was obtained for crossreactivity among the variants of both sites,
so that it should be possible to develop a vaccine that may be useful for many
strains of P. falciparum . In mice, we found that the protective response elicited
by irradiated rodent malaria P. yoelii sporozoites was under strong MHC control,
and that there were two mechanisms of protection, each under different MHC-linked
control. One mechanism involved CD8 T cells and the other did not, but neither
correlated with antibody level. In the case where CDS cells were required for
protection, we have isolated cytotoxic T lymphocytes (CTL) and identified the
epitope they recognize. We also identified a similar CTL epitope from the
circumsporozoite protein of the human malaria P. falciparum .

In the case of AIDS, we have identified 6 multideterminant regions of the envelope
protein that contain overlapping or abutting helper T-cell antigenic determinants
that are seen by mice of different MHC types , so that each region can be seen by
3/4 or 4/4 MHC types. Five of the six regions are predicted by amphipathicity, and
four are from conserved segments of the envelope sequence. Four of the peptides
identified in mice were studied in HIV-infected humans. With Gene Shearer's lab,
we found that about 80% of humans in early HIV infection lose the ability to
respond in a T-cell proliferative response to soluble protein antigens, but about
50% retain a T-cell response to the same antigens as measured by IL-2 production.
This finding may be of prognostic significance. Also, we could thus use IL-2
production to test responses of asymptomatic HIV seropositive donors to these
peptides. Each peptide elicited in vitro T-cell responses in cells from 50-67% of
unrelated HLA-diverse donors who retained the ability to respond to control
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antigens, and 85-90% of donors responsive to control antigens could respond to at

least one of the four peptides. In collaboration with Bart Haynes and Tom Palker,

we found that one of these peptides served as a very potent helper determinant when

attached to a neutralizing antibody epitope, so that the construct could elicit

antibodies in both goats and mice without a carrier. In goats, the construct with

the envelope T-helper determinant elicited higher titers of neutralizing antibodies

than a conjugate of the same neutralizing antibody epitope attached to a protein

carrier. This same helper determinant also could be used in vivo to prime rhesus

monkeys for a subsequent enhanced secondary antibody response on their first

exposure to the whole HIV envelope protein.

Finally, because the CTL determinant we previously identified in the envelope

protein is highly variable among HIV isolates, we examined the effect of this

variability on T-cell recognition in collaboration with the labs of Ron Germain and

Bernard Moss . We found that the same site is a CTL determinant on several isolates

of HIV, even though the CTL do not crossreact. By studying substitutions at each

position, we could identify residues that contribute to binding to class I MHC

molecules, and one residue that seems critical for recognition by the TCR. Thus

HIV can mutate residues that interact with MHC molecules. Because a) we have found

that sites on HIV proteins that are presented by class I MHC molecules are more

rare than those presented by class II molecules, b) it is known that CDS CTL can

suppress replication of the virus, and c) it is known that HIV can mutate during

the course of disease of a single individual, we propose that such mutations in

critical sites that prevent binding to MHC molecules of the infected individual may

allow the virus to become partially invisible to CTL of that person, escape

control, and cause AIDS. The identification of these helper and cytotoxic T-cell

determinants, especially ones recognized by individuals of many MHC types, and the

understanding of the function of virus variability, should prove useful in the

design of vaccines.

Publications :

Darst, SA, Robertson CR, Berzofsky JA. Adsorption of the protein antigen myoglobin

affects the binding of conformation specific monoclonal antibodies. Biophysical J

1988;53:533-9.

Berzofsky JA. T-cell recognition of protein and peptide antigens: applications to

vaccine development. In: Laskey L, ed. In: Technological advances in vaccine

development. New York: Alan R Liss, 1988 ; 587-602

.

Berzofsky JA. Immunodominance in T lymphocyte recognition. Immunol Letters

1988;18:83-92.

Ozaki S, Durum SK, Muegge K, York-Jolley J, Berzofsky JA. Production of T-T hybrids

from T cell clones: direct comparison between cloned T cells and T hybridoma cells

derived from them. J Immunol 1988;141:71-8.

Brett SJ , Cease KB, Berzofsky JA. Influences of antigen processing on the

expression of the T cell repertoire: evidence for MHC-specific hindering structures

on the products of processing. J Exp Med 1988;168:357-73.
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Good MF, Pombo D, Lunde MN, Maloy WL, Halenbeck R, Koths K, Miller LH, Berzofsky
JA. Recombinant human interleukin-2 (IL-2) overcomes genetic nonresponsiveness to

malaria sporozoite peptides. Correlation of effects with biological activity of IL-

2. J Immunol 1988;141:972-7.

Cease KB, Berzofsky JA. T cell immunity and vaccine engineering: application to the
AIDS virus. In: Putney S, Bolognesi D, eds . AIDS vaccine: basic research and
clinical trials. New York: Marcell Dekker, in press.

Kumar S, Miller LH, Quakyi lA, Keister DB, Houghten RA, Maloy WL, Moss B, Berzofsky
JA, Good MF. Cytotoxic T cells specific for the circumsporozoite protein of
Plasmodium falciparum. Nature 1988;334:258-60.

Berzofsky JA, Bensussan A, Cease KB, Bourge JF, Cheynier R, Lurhuma Z, Saladn,
Gallo RC, Shearer GM, Zagury D. Antigenic peptides recognized by T lymphocytes from
AIDS viral envelope -immune humans. Nature 1988;334:706-8.

Margalit H, Delisi C, Berzofsky JA. Computer predictions of T-cell epitopes. In:
Woodrow GC , Levine MM, eds. The molecular approach to new and improved vaccines.
New York: Marcel Dekker, in press.

Berzofsky JA. Structural features of T-cell recognition: applications to vaccine
design. Phil Trans Roy Soc B 1988; in press.

Cease KB, Berzofsky JA. Antigenic structures recognized by T cells: toward the
rational design of an AIDS vaccine. AIDS 1988 ; 2

:
(suppl 1) S95-101.

Berzofsky JA, Brett SJ , Streicher HZ, Takahashi H. Antigen processing for
presentation to T lymphocytes: function, mechanisms, and implications for the T-
cell repertoire. Immunol Rev 1988;106:5-31.

Good MF, Miller LH, Kumar S, Quakyi lA, Keister D, Adams J, Moss B, Berzofsky JA,
Carter R. Limited immunological recognition of critical malaria vaccine candidate
antigens. Science 1988;242:574-7.

Berzofsky JA, Berkower IJ . Immunogenic ity and antigen structure. In: Paul WE, ed.
Fundamental Immunology 2nd Ed. New York: Raven Press, 1989, in press.

Berzofsky JA, Epstein SL, Berkower IJ . Antigen- antibody interactions and monoclonal
antibodies. In: Paul WE, ed. Fundamental Immunology 2nd Ed. New York: Raven Press,
1989, in press.
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sporozoites and circumsporozoite protein. Mol Biol Med 1988;5:185-96.

Hosmalin AM, Nara PL, Zweig KB, Cease KB, Card E, Markham PD, Putney SD, Daniel MD,
Desrosiers RC

,
Berzofsky JA. Enhancement of an antibody response to the envelope

glycoprotein of HIV-1 in primates by priming with helper T-cell epitope peptides.
In: Lerner R, Ginsberg H, Chanock R, Brown F, eds. Vaccines 89. Cold Spring Harbor:
Cold Spring Harbor Lab, 1989; 121-4.
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implications for vaccines. J Clin Invest 1988;82:1811-17.

Berzofsky JA. Mechanisms of immunodominance in T-cell recognition, with
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press
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Takahashi H, Cease KB, Berzofsky JA. Identification of proteases that process
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Immunol 1989 ;1: in press.

Berzofsky JA, Paterson Y. Discussion summary: antigen structure: B cell and T cell

determinants and immunogenicity. In: Janeway C, Sprent J, Sercarz E, eds.

Immunogenicity (UCLA Symposia on Molecular and Cellular Biology, New Series, Vol

113), New York: Alan R Liss, 1989; in press.

Hoffman SL, Berzofsky JA, Isenbarger D, Zelter E, Majarian WR, Gross M, Ballou WR.

Immune response gene regulation of immunity to Plasmodium berghei sporozoites and

circumsporozoite protein vaccines: overcoming genetic restriction with whole

organism and subunit vaccines. J Immunol 1989;142:3581-84.

Cornette JL, Margalit H, DeLisi C, Berzofsky JA. Concepts and methods in the
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vaccines. Methods in Enzymol 1989; 178: in press.
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GJ , Gery I. Identification of an immunodominant and highly immunopathogenic

determinant in the retinal protein IRBP. J Exp Med 1989; 169: in press.
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JA, Good MF. Human T cell recognition of polymorphic epitopes from malaria
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As an approach to understanding development in the B lymphocyte lineage, we have
characterized trans -acting factors that mediate lymphoid- specific gene
transcription. As a model we have studied the lymphoid- specific transcription of
immunoglobulin (Ig) genes. The promoters of all Ig variable genes and the Ig heavjr
chain enhancer contain a critical octamer DNA motif, ATTTGCAT. This octamer motif
together with a TATA motif, is necessary and sufficient for lymphoid- specific
promoter activity. Two major nuclear proteins bind the octamer motif specifically
a non-tissue-specific protein (Oct-1) and a lymphoid- specific protein (Oct-2) . We
cloned the human Oct-2 structural gene by screening a phage XgtH expression
library with a radiolabeled DNA probe containing the octamer motif. The cloned
gene is itself lymphoid-restricted in expression. By sequencing the Oct-2 gene, wfe

identified a 60 amino acid domain that is homologous to the "homeo box" domain of
proteins which are important for cell type determination and development in lower
eukaryotes. This domain of the Oct-2 protein was shown to be required for DNA
binding by site directed mutagenesis. This represents the first demonstration tha|t
a mammalian gene containing a homeo box domain is a sequence-specific DNA binding
protein. The presence of the homeo box in the Oct-2 gene lends support to the
notion that this gene is important for lymphoid development. Full length Oct-2
cDNA clones revealed additional regions of homology with other transcription
factors. One highly conserved 75 amino acid domain, the "POU" box, is shared by a
subset of homeo box proteins. In addition, Oct-2 has a "leucine zipper" domain
which it shares with the nuclear oncogenes myc , fos and jun and with other
transcription factors. The leucine zipper may mediate the interaction of Oct-2
with other regulatory proteins. Alternative splicing of the Oct-2 gene generates
variety of distinct Oct-2 proteins, one of which lacks the leucine zipper and thus
might be functionally unique.

PHS 6040 (Rev. 1/84)

361



ZOl CB-04024-2 MET

Project Description

Major Findings :

Cloning of a gene (oct-2) which encodes a Ivmphoid-restricted protein that binds to

the immunoglobulin octamer DNA motif.

Immunoglobulin (Ig) genes are expressed only in lymphoid cells and this expression

depends on a regulatory octamer DNA motif, ATTTGCAT, found in Ig promoters and in

the Ig heavy chain enhancer. At least two nuclear proteins bind the octamer motif

specifically: Oct-1, which is found in all cell types, and Oct-2, which is

restricted to lymphoid cells. Oct-2 most likely mediates the lymphoid- specific

transcriptional activity of Ig promoters. In order to understand this

transcriptional activation on a molecular level, we decided to clone the gene

encoding Oct-2. We used a new method of screening expression libraries in phage

^gtll with radiolabeled DNA probes containing the octamer motif. An important

modification of the protocol made the cloning possible: DNA probes were used that

were tandem repeats of the octamer motif. These multimer probes gave readily

detectable signals from phage plaques that could not be detected using probes

containing only one copy of the octamer motif. The two recombinant phage isolated

by this procedure contained cDNA inserts encoding proteins that bound specifically

to the octamer motif. The cDNA inserts of these two phage crosshybridized with

each other and define what we term the oct-2 gene. The DNA binding characteristics

of the oct-2 gene product and Oct-2 were virtually identical. Furthermore, oct-2

was found to be expressed predominantly in lymphoid cells. The amount of oct-2

mRNA expressed in a given lymphoid cell line correlated well with the amount of

Oct-2 found in the same cell line. Pre-B cell lines showed a coordinate increase

in oct-2 mRNA and Oct-2 protein upon stimulation with bacterial lipopolysaccharide.

Given these correlations, the oct-2 gene most likely encodes Oct-2.

The oct-2 gene contains a functional homeo box domain

The two oct-2 partial cDNAs were sequenced and found to be identical in their

overlap. The predicted oct-2 protein sequence was compared to all possible

translations of the GenBank Genetic Sequence Data Bank and similarities were seen

with proteins containing the so-called homeo box domain. The homeo box is a 60

amino acid domain which was originally found in many developmentally important

Drosophila proteins and in yeast mating type proteins that control gene expression

in a cell type -specific fashion. These homeo box proteins have been shown to be

sequence- specific DNA binding proteins which act as "master switches" by
controlling gene expression and thus cellular differentiation. Human and mouse
genes have been identified which contain homeo boxes but the function of these

genes is unknown. The oct-2 sequence showed that it is evolutionarily divergent

from the previously cloned human homeo box genes and, furthermore, it is located on

a different human chromosome (#19) . Site directed mutation of the homeo box domain

destroyed binding to the octamer motif, thus demonstrating for the first time that

a human homeo box protein is a sequence specific DNA binding protein. We noted
that the binding sites of the yeast and Drosophila homeo box proteins were similar

to the Ig octamer motif and showed that the oct-2 protein also bound to these

sequences. Thus, all homeo box proteins may have a binding preference for A-T

rich, Ig octamer- like sequences. In summary, it is tempting to speculate that the

oct-2 gene product, on the basis of its homeo box homology, may play an important
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role in development in the lymphoid system.

Oct- 2 shares additional domains with other transcription factors

A full length cDNA clone encoding the entire Oct- 2 coding region was cloned from a

human activated B cell library using the partial oct-2 cDNA as a probe. This cDNA
clone was transcribed and translated in vitro and was shown to encode an octamer
binding protein with an apparent molecular weight of approximately 60 kD, the
molecular weight of Oct-2 purified from B cell nuclear extracts. The predicted
amino acid sequence of Oct-2 contains a 75 amino acid domain that is found in a

subset of homeobox proteins. This domain, termed the "POU" domain, is shared by
Pit-1, a human pituitary-specific transcription factor, Oct-1 and Oct-2, and Unc86

,

a gene involved in central nervous system development in the nematode, C. elegans.
The POUbox family of proteins have homeodomains that are more related to each other
than to other homeobox proteins, thus suggesting that they represent an
evolutionarily divergent subset of the homeobox family. Partial Oct-2 proteins
which lack the POU domain still interact with the octamer motif specifically,
albeit with lower affinity, suggesting that the POU domain may be involved
primarily in other aspects of the function of this transcription factor besides DNA
binding. The amino terminal region of Oct-2 is highly glutaraine rich, a feature
which it shares with a variety of other eukaryotic transcription factors. In the
human transcription factor SPl, the glutamine-rich domain is essential for
transcriptional activation but not DNA binding, and it may be functioning
analogously in Oct-2. Finally, Oct-2 contains in its carboxy terminus a so-called
"leucine zipper", a potentially alpha helical region in which every seventh amino
acid is a leucine. Leucine zippers have been found in other transcription factors
and in the oncogenes fos

,
jun and myc and are responsible for homodimerization,

heterodimerization and oligomerization of these proteins. Thus, the Oct-2 leucine
zipper may be involved in protein-protein interactions which distinguish its
activity from that of other octamer -binding proteins such as Oct-1.

Alternative splicing creates structurally distinct Oct-2 proteins

Previous Northern blot analysis of Oct-2 mRNA revealed at least 7 distinct mRNA
sizes in B lymphocytes, ranging from 7.2 kilobases (kb) to 1.3 kb. By cloning and
sequencing multiple Oct-2 cDNAs from an activated B cell library, we found that
some of this size heterogeneity results from alternative splicing of the Oct-2
mRNA. We have so far found four Oct-2 mRNAs with alternative splices in the coding
region. One particularly interesting alternative splice removes most of the

leucine zipper domain. The functional consequences of these alternative splicing
are being investigated. In order to look for possible size heterogeneity in the

Oct-2 proteins found in nuclear extracts of B cells, rabbit antisera were prepared
against bacterially expressed Oct-2 or against synthetic peptides derived from Oct-
2. In Western blots of nuclear extracts, these antisera reacted with a family of
four proteins ranging from 58kD to 61kD which were only found in B lymphocytes.
Thus, the alternative splicing that we observed among the oct-2 cDNAs may result in

heterogeneity in Oct-2 proteins found in the nucleus of B cells.
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SUMMARY REPORT
IMMUNOLOGY BRANCH

October 1988 - September 1989

The Immunology Branch carries out laboratory investigations in basic immunology
with particular emphasis on studies of the major histocompatibility complex (MHC)

and its role in transplantation in animal models and in man. The major areas of
study are as follows: 1) Immunogenetics of the murine MHC; 2) Development of
models for the induction of specific tolerance to MHC products; 3) Genetics of the
miniature swine MHC; 4) Molecular biology of porcine class II genes; and 5)

Studies of bone marrow and organ transplantation in miniature swine. This report
summarizes research efforts in each of these areas during the past year, with
reference to the individual annual reports in which details can be found.

1. IMMUNOGENETICS OF THE MURINE MHC

A breeding program is carried out for the maintenance of pedigreed inbred and
congenic resistant strains of mice and for the development of new recombinant H-2
haplotypes of value for structural and functional studies of genes within the MHC
(5023). This program also includes the production of monoclonal antibodies
reactive with products of MHC genes. New strains bearing recombinant MHC haplo-
types (of which 22 have been derived from the breeding program of the Immunology
Branch) are utilized for the production of new reagents and probes to study the
fine structure of the MHC.

A new recombinant derived from this program, the A.TH-Qlb, has made possible for
the first time an analysis of the A.TH anti-A.TL reactivity in the absence of a
Qa-1 difference. Skin grafts between the new A.TH-Qlb animals and ATL were found
to be markedly prolonged, indicating that class II differences alone may be
insufficient to cause prompt skin graft rejection. These data may clarify the
previously puzzling finding that some class II antigens cause skin graft rejection
while others do not. The data suggest that one role of class II differences in
skin graft rejection may be the presentation of other minor antigenic differences
to the immune system.

2. DEVELOPMENT OF MODELS FOR THE INDUCTION OF SPECIFIC TOLERANCE TO MHC
PRODUCTS

The induction of intentional mixed chimerism across MHC barriers has been
investigated as a means of producing specific transplant tolerance (5021) . The
use of mixtures of T-cell depleted syngeneic plus allogeneic bone marrow has been
found to produce permanent, specific tolerance with full immunocompetence . Recon-
stitution of irradiated animals with a mixture containing T cell depleted
syngeneic marrow plus non-T-cell depleted allogeneic marrow has been found to
produce complete allogeneic chimerism while avoiding GVHD. This model has been
found to have potential usefulness in the treatment of leukemia, since the
procedure does not appear to eliminate the graft -vs- leukemia (GVL) effect.

In order to decrease the toxicity of ablative radiation regimens used to prepare
radiation chimeras, the use of monoclonal anti-T-cell subset antibodies as a
substitute for part of the irradiation has been explored. Treatment with such
antibodies in vivo has been found to deplete mature T-cells effectively from all
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peripheral lymphoid tissues, but not from the thymus. Selective thjnnic irradia-

tion has therefore been added to this regimen, and has produced long-term mixed
chimerism and specific tolerance across an MHC barrier with a non- lethal
preparative regimen. This regimen has now been successfully applied to rat-mouse
xenogeneic chimeras as well.

3. GENETICS OF THE MINIATURE SWINE MHC

Partially inbred strains of miniature swine, NIH mini-pigs, have been developed
over the past fifteen years by this laboratory as a large animal pre-clinical
model for transplantation studies. Five new recombinant haplotypes have been
identified within these herds, and three of these have been bred to homozygosity.
By serologic, biochemical and genetic data all of these recombinants appear to

have split class I from class II loci.

Using the new recombinant MHC haplotjrpes, the relative importance of class I

versus class II antigens for allograft survival has been examined. Both class I

and class II antigens were found sufficient to produce prompt rejection of skin.
However, class II antigen matching appeared to be of overwhelming importance in
determining the outcome of vascular allografts such as kidney transplants (5023).
The mechanism of tolerance induced by class I mismatched kidneys has been assessed
by culturing cells from the transplants.

4. MOLECULAR BIOLOGY OF PORCINE CLASS II GENES

Because of the importance of class II antigens to renal allograft survival, a

molecular approach to the analysis of class II genes in this species has been
initiated (5023) . DNA from each of the independent MHC haplotypes has been
examined by extensive RFLP analysis using probes for hxoman class II a and /3 genes.
Hybridization with the hioman DQa cDNA probe revealed a single fragment in each of
the enzymatic digests performed, and showed limited but definite polymorphism.
Hybridization with the human DRa cDNA probe showed a set of bands clearly distinct
from those revealed with DQa, and showed no polymorphism among the herds. In
contrast to the unique hybridization patterns of class II a probes, hybridization
with class II ^ probes showed extensive cross hybridization. Polymorphism between
all three haplotypes was apparent in many of the digests.

A genomic library has been constructed from the SLA*^ lymphocyte DNA, and cDNA
libraries have been prepared from SLA*" and SLA spleen message. These libraries
have been screened with human class II cDNA probes, and clones analogous to many
of the human class II a and fi genes have been identified. Sequences of the cDNA
clones have been carried out, as have studies of expression following
transformation into mouse cell lines.

5. STUDIES OF BONE MARROW AND ORGAN TRANSPLANTATION IN MINIATURE SWINE

Without exogenous immunosuppression, miniature swine matched for class II and
transplanted across a class I plus minor antigen difference have been found to
frequently develop specific systemic tolerance. The mechanism of this tolerance
has been investigated in vitro (5023) and has been found to involve a specific
depletion of class I reactive helper T-cell populations. Also, consistent with a
lack of T-cell help is the fact that recipients of class II matched renal allo-
grafts which went on to accept such grafts long-term showed a brief rejection
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crisis at approximately fourteen days during which there was a rise in IgM anti-
bodies to SLA class I antigens, which subsided spontaneously without conversion
from IgM to IgG.

Because the response to ablative regimens in miniature swine is much more similar
to that of man than is the response of rodents, establishment of a bone marrow
transplant regimen in this model has been carried out as a pre-clinical step
(5023) . Ablative radiation regimens have been established similar to those used
for HIA identical sibling transplants in man, and have been found satisfactory to

permit MHC matched bone marrow allografts. A new regimen with fractionated
irradiation has been found necessary to permit successful transplantation of MHC
mismatched bone marrow. This regimen has been found not sufficient to permit T-

cell depleted bone marrow grafts to be accepted. Non-T-cell depleted bone marrow
grafts across full MHC barriers were found to produce aggressive lethal GVHD.
Addition of T-cell depleted autologous bone marrow to the non-T-cell depleted
allogeneic inoculum has been attempted and, in some cases, has permitted
engraftment while avoiding lethal GVHD. These data may have potential
applicability to clinical transplantation.

The use of bone marrow transplants to induce tolerance to organ allografts in this
model have been demonstrated. Kidney grafts matched for MHC with the bone marrow
donor have been found to enjoy the same long-term surivival as do matched kidney
allografts

.
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SUMMARY OP WORK (Usa itanrtarr) unreduced typa. Oo not etceed tt>a space protldad.)

Studies are being directed toward understanding the major histocompatibility
complex, the structure and function of the products of this complex, and manipu-

lations of immune responses to these products. Current studies include: 1)

Characterization of major histocompatibility antigens: Congenic resistant strains

of mice are developed, maintained, and used in serologic and immunochemical

analyses of the MHC products of the mouse; 2) Studies of monoclonal antibodies to

H-2 and la antigens: Hybridoma cell lines are produced by fusion of immune mouse

spleen cells with mouse myeloma cells. The monoclonal anti-H-2 and anti-la anti-

bodies produced by these hybridomas are analyzed by serologic and immunochemical
means and are used to further characterize the fine structure of the MHC; 3)

Characterization of receptor sites for histocompatibility antigens: Anti-idiotypilc

antisera are produced against anti-H-2 and anti-la hybridoma antibodies, and the

effects of these antisera on in vitro and in vivo parameters of histocompatibility
are assessed; 4) Mechanism of tolerance to H-2 and la antigens: The humoral and
cellular responses of radiation bone marrow chimeras are examined, and the mechan-
ism for maintenance of tolerance in these animals is studied; 5) Mixed allogeneic
and xenogeneic chimeras: Irradiated animals are reconstituted with mixtures of T-

cell depleted donor and host marrow, and the mechanism of tolerance and of immune
responsiveness in these animals is studied in vivo and in vitro; 6) Non- lethal pre
parative regimens for bone marrow transplantation: Attempts to replace lethal

' irradiation with monoclonal antibody treatment in vivo are examined, and the immunls

I

status of the resulting animals is studied; and 7) Graft-vs- leukemia (GVL) effects
of mixed bone marrow reconstitution: The effects of reconstitution with T-cell
depleted syngeneic plus non-T-cell depleted allogeneic bone marrow on syngeneic
leukemia are examined.
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Project Description

Ma-jor Findings : 1) Fusion of spleen cells from mice hyperinununized against H-2
antigens and boosted 2-3 days before fusion has been found to give satisfactory
results in the production of anti-H-2 hybridomas . About 70 stable hybridomas
have so far been produced, most of which detect H-2 or la antigens of a variety
of haplotypes . Panel testing has indicated that most of these antibodies react
with public specificities of the H-2 and la antigens, while a few appear to
detect private specificities. Numerous crossreactions have been detected using
these monoclonal antibodies, which define a variety of new public H-2 and la
specificities

.

2) Using a new MHC recombinant strain (C3H.KBR) we have detected an unusually
high responsiveness to Qa antigens. Hybridomas prepared using appropriately
immunized spleen cells from this strain yielded 11 new monoclonal antibodies
directed against several epitopes of the Qa antigens. Immunoprecipitation
studies using these antibodies indicate that at least two different molecules are
detectable. In vivo injection of these antibodies has also been found to have
profound effects on circulating T-cells. Two of these antibodies of the same
immunoglobulin class but directed toward different epitopes of Qa-2 have been
found to have different in vivo T-cell depletion characteristics. In vitro
studies show that the antibody causing rapid depletion of T-cells in vivo causes
much less cell surface modulation of Qa-2 than does the antibody leading to slow
depletion. This difference may indicate that the antibody causing modulation
reacts with the site on Qa-2 involved in its physiologic ligand binding.

3) A new recombinant which occurred during the backcrossing of A.TH has
permitted, for the first time, an analysis of A.TH anti-A.TL reactivity in the
absence of a Qa-1 antigen difference. Our results with skin grafting experiments
indicate that in the absence of a Qa-1 difference, there is marked prolongation
of skin graft survival. These studies suggest that a class II difference alone
may be insufficient to cause skin graft rejection, and that class II antigens may
actually function by presenting other antigenic differences (e.g., minor antigens
or Qa antigens) to the immune system.

4) Mice reconstituted with mixtures of syngeneic plus either allogeneic or
xenogeneic bone marrow have been found to manifest specific hyporeactivity to

donor type skin grafts at 8 weeks following reconstitution. In the case of mixed
allogeneic reconstituted animals, both host and donor lymphoid elements are found
in the peripheral circulation, while only host elements can be found in the mixed
xenogeneic reconstituted animals. In vitro assays have been performed in order
to examine the mechanism of transplantation tolerance in these animals. Evidence
for generation of high levels of natural suppressor (NS) cells in the early weeks
following grafting has been obtained. Characterization of these suppressor cells
by antibody reactivity indicates that they are not T cells. They are derived
predominantly from the host component of mixed marrow grafts and may be involved
in the elimination of those alloreactive cells which otherwise would cause GVH.

5) Because in vitro assays using spleen cells from mixed chimeras showed maximal
suppressive activity at approximately 8 days following radiation and bone marrow
reconstitution, delayed administration of non-T-cell-depleted allogeneic marrow
to animals irradiated and reconstituted with T-cell-depleted syngeneic marrow was
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performed. This procedure was found to markedly reduce the GVH produced by

allogeneic T cells and to result in long-term completely allogeneic chimeras.

6) Elimination of T cells from the syngeneic component, but not the allogeneic

component of a mixed bone marrow inoculum has been found to produce completely

allogeneic chimeras which are, however, protected from lethal GVHD. By adding

the ELA murine leukemia to the syngeneic component of such a reconstituting

inoculum, it has been found that this procedure does not eliminate the strong

graft-vs- leukemia (GVL) effect of non-T-cell depleted allogeneic bone marrow.

The GVL effect has also been seen when non-T-cell depleted allogeneic marrow was

added as late as 8 days following the T-cell depleted syngeneic marrow plus

leukemia.

7) Using a mixture of anti-CD4 plus anti-CD8 monoclonal antibodies in vivo,

transient bone marrow engraftment of allogeneic bone marrow was achieved with a

total body irradiation dose as low as 300R. Addition of 700R thymic irradiation

to this regimen led to long-term mixed chimerism and allogeneic skin graft

tolerance. Addition of anti-Thy.l and anti-NKl.l antibodies to the preparative

regimen has permitted extension of this model to rat-mouse xenografts.
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SUMMARY OF WORK (Uaa standam unmtticad typa. Do not axcaad tfn apaca pnmOad.)

Three herds of miniature swine, each homozygous for a different set of histocom-
patibility antigens at the MHC have been developed. Current projects include:

1) Assessment of survival of organs and tissue transplants among and between
members of these herds as a model for human transplantation; 2) Assessment of

the immunologic parameters involved in tolerance to allografts in this species;

3) Detection and characterization of intra-MHC recombinants: Five intra-MHC
recombinants have been obtained and have been or are being bred to homozygosity.
Kidney transplants utilizing these new recombinants have shown that selective
matching for Class II antigens frequently permits long-term kidney graft sur-

vival across a Class I difference; 4) Bone marrow transplants in miniature
swine: the effect of mixing autologous plus allogeneic marrow in the reconsti-
tuting inoculum are being examined. This modality is being assessed as a

specific preparative regimen for allogeneic organ transplantation; 5) Production
and characterization of monoclonal antibodies reactive with subsets of pig
lymphocytes: antibodies corresponding to many of the OKT series in man have
been identified (including T4, T8 , and Til). The effects of these antibodies on
in vitro and in vivo transplantation immunity are being assessed, and they are
also being used to assess mechanism of tolerance; and 6) Analysis of class II

MHC genes: Southern blot analyses using cDNA probes from human class II genes
have been performed and indicate that genes corresponding to each of the major
human class II loci are present in the pig genome. In addition, a genomic
library and two cDNA libraries have been constructed and screened with these
probes. Class II genes from the pig herds have been isolated and characterized
by hybridization and by sequence analysis. These genes have also been used in
vitro and in vivo for transfection studies.
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Project Description

Major Findings : 1) Breeding of further generations has continued to be success-

ful. We therefore now have three different herds of swine, each homozygous for a

different SLA antigen, as well as five lines bearing intra-MHC recombinants.

2) Transplants of kidneys between recombinant and non- recombinant haplotypes have

permitted an evaluation of the effects of selective class I and/or class II

matching on vascular allograft survival. A non-MHC- linked gene determining

immune responsiveness has been detected and determined to control rejection of

vascular grafts across non-MHC differences. In animals bearing the non- rejector

gene at this locus, vascular grafts are accepted across minor differences and

also across class I plus minor differences, but not across class II differences.

These studies indicate, therefore, that class II matching is of major importance

for survival of vascular grafts.

3) Skin grafts are promptly rejected across class I or class II differences.

However, following successful kidney transplants in the class II matched situa-

tion, donor skin grafts are specifically prolonged, indicating that acceptance of

the vascular graft induces systemic tolerance.

4) The mechanism of systemic tolerance in class II matched kidney allografts has

been examined. Studies on the generation of CTLs in vitro indicate that such

tolerant animals cannot generate a CTL response across a class I only difference,

as can Itheir non-grafted counterparts. The defect appears to involve helper
independent class I reactive CTLs, since addition of other helper cells (such as

anti-class II reactive populations) leads to normal anti-class I CTL activity.

In addition, non-T suppressor cells have been identified as contributing to the

defect. The role of local suppressor cells is suggested by studies of graft
infiltrating lymphocytes

.

5) Southern blot analyses of lymphocyte DNA from each of the miniature swine

herds and recombinant lines have been performed. The data indicate that swine

possess a single class II a chain gene corresponding to that of the human DR a

chain, DQ a chain, and DP a chain. Of these, only the DQ a chain appears to be

polymorphic within these herds. Approximately 5-7 class II /3 chain genes have

been revealed by these analyses, which show both polymorphism and extensive

cross -hybridization between P chains of the three major loci.

6) A complete EMBL-3 phage library has been constructed from the c haplotype, and

class II genes corresponding to those detected in the Southern blot analysis have
been isolated and characterized.

7) cDNA libraries from the c and d haplotypes have been constructed and screened
with human class II probes. cDNA clones corresponding to DQa'^ , DQ^*^ , DQa , DQ/3

,

DRa , and DR^ have been isolated. Several of these genes have been successfully
transfected into mouse L cells, leading to cell surface expression of the swine

class II antigens on these cell lines.

8) Analysis of the derived amino acid sequence of the SLA DR^ cDNA gene has led
to a surprising finding. Comparison of this sequence with sequences of a panel
of human DRyS genes indicates that at the amino acid level all three hypervariable
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regions of the swine sequence are more similar to the corresponding regions of
the human DRl^ allele than are the sequences of any other human DR^S alleles. At
the DNA level, silent substitutions show no differences between different human /3

alleles. These data therefore suggest a high level of selection leading to the
amino acid sequence homology between these species.

9) A series of monoclonal antibodies reactive with a variety of swine lymphocyte
surface antigens have been prepared. One of these antibodies recognizes an SLA
antigen of the SLAdd haplotype, at least two others react with selective T-cell
subpopulations , and at least one antibody is reactive with macrophages . Further
characterization of these antibody reactivities is in progress.

10) A protocol which permits bone marrow engraftment across MHC differences has
been obtained. Using this protocol, fully allogeneic bone marrow grafts led to
lethal GVHD. Using a mixture of T-cell depleted autologous bone marrow plus non-
T-cell depleted fully MHC mismatched bone marrow, alloengraftment has been
obtained in 17 of 19 animals to date. In 9 of these animals clinical GVHD was
self- limited, with resolution by the third week. These data indicate that, as in
the murine model, T-cell depleted autologous bone marrow has an anti-GVHD effect
when administered as part of the mixed bone marrow reconstitution inoculum. The
longest survivor to date has lived 154 days, dying of probable radiation damage
to the lungs

.
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SUMMARY REPORT
EXPERIMENTAL IMMUNOLOGY BRANCH
October 1988 - September 1989

The Experimental Immunology Branch carries out laboratory investigations in
basic inimunobiology with particular emphasis in the following areas: 1)

lymphocyte differentiation and regulation; 2) cell biology of the immune
responses; 3) transplantation biology; 4) structure, regulation and function of
genes involved in the immune response; 5) tumor immunology; and 6) flow
cytometry. This report briefly siammarizes research efforts in each of the
foregoing areas during the past year. More detailed information on specific
accomplishments can be found in the individual annual reports cited by number in
the text

.

1. LYMPHOCYTE DIFFERENTIATION AND REGULATION

Dr. Alfred Singer's laboratory has examined the role of CD4 and CDS accessory
molecules in T cell differentiation and function. These studies have revealed
that protein kinase C (PKC) activation results in the rapid internalization from
the cell surface of TcR and CD4, but does not result in the rapid
internalization of CDS, suggesting that the CD4 and CDS differ in their
biochemical responsiveness as well as their ligand specificities for class II

and class I MHC respectively (9268) . Studies with anti-CD4 mAb modulation of
cell surface CD4 have revealed that anti-CD4 induced internalization of CD4
induces co- internalization of TcR both in vitro and in vivo (9268).
Interestingly, the co- internalization of TcR with CD4 is dependent either on PKC
or a related intra-cellular mediator, as intra-cellular depletion of PKC
disrupts the co- internalization of TcR induced by anti-CD4 cross-linking (9268).
During these studies, Dr. Alfred Singer's laboratory found that antibody induced
engagement of CD4 on immature CD4 8 (double positive) thymocytes caused the
immature double positive thymocytes to markedly increase their expression of TcR
by 3-5 fold (9268,9273,9255), as opposed to the reduction in TcR expression that
occurs upon antibody induced CD4 engagement on mature CD4 8' (single positive)
thjmiocytes. Since increased TcR expression is a necessary step in the
differentiation of immature double positive thymocytes into mature single
positive thymocytes, these studies indicated a critical role in T cell
differentiation for CD4 engagement on developing thymocytes (9268,9273). Dr.

Singer's studies to elucidate the molecular basis for the increased expression
of T cell receptor on immature thymocytes in response to CD4 engagement revealed
that the great majority of receptor proteins are degraded within immature
thymocytes, and that CD4 engagement results in a decreased rate of degradation
(9268,9273). Thus, the increase in TcR expression does not result from
increased synthesis, but rather from decreased degradation.

Dr. Alfred Singer's laboratory has also examined the role of T cell receptor
expression in thymocyte development. In studies in mice which are genetically
unable to express T cell receptor (SCID mice). Dr. Singer's laboratory observed
that TcR' SCID thymocytes were arrested at the CD4"8" stage of differentiation.
Interestingly, if TcR"*" cells were introduced into the SCID thymus, the SCID
thymocytes would remain TcR" but would differentiate into CD4''"8'*' cells
(9273,9255). These studies indicated a role for functional TcR"^ cells in
initiating the differentiation of TcR' CD4'S' thymocytes, a function that might
be performed by TcR(76) in normal T cell ontogeny.
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If thymic selection occurs at the CD4"'"8''" double positive stage of
differentiation, inunature double positive thjrmocytes must be responsive to
membrane -initiated differentiation signals. Studies from Dr. Alfred Singer's
laboratory have revealed that double positive thymocytes will activate tyrosine
kinases which tyrosine phosphorylate the zeta chain of the T cell receptor
complex in response to cross -linking of cell surface CD3,CD4,CD8, and TcR(a/3)
(9273). Since most double positive thymocytes have their zeta chain
phosphorylated in vivo, these results suggest that most double positive
thymocytes have already received in situ membrane -initiated differentiation
signals that have activated their intracellular tyrosine kinases.

Studies in the laboratory of Dr. Stephen Shaw have been directed at
characterization of heterogeneity among subsets of human peripheral blood T
cells and determining the functional capacities of the subsets defined
(9257,9255). Their studies confirm and extend previous analysis of T cell
subsets distinguished by different isoforms of CD45 , which that laboratory has
interpreted to be naive and memory T cells. Methodologic progress allows
preparation of very pure subsets whose functional capacities have been studied.
Naive cells have markedly reduced proliferative responses to various regimens of
receptor-mediated activation; however, their capacity to respond is demonstrated
by augmented response in the presence of co- stimuli such as that provided by
IL1/IL6

,
CD28 or CD44. This suggests important regulatory mechanisms for

costimuli in vivo in determining responsiveness of particular subsets.
Systematic phenotypic analysis of CD4+ cells with more than 200 monoclonal
antibodies reveals unexpected heterogeneity which is being categorized by
multicolor flow cytometry. Such integrated phenotypic and functional analysis
is essential to adequately address the functional complexities in T cell
responses

.

The role of the T cell receptor (TCR) a^ heterodimer in antigen recognition has
been analyzed in studies carried out in the laboratory of Dr. Richard Hodes
(9265). T cell clones specific either for alloantigen or for conventional
peptide antigens in association with self major histocompatibility complex (MHC)
determinants were analyzed. When the crossreactive repertoires of these clones
were studied, a strong and selective association was observed such that most
clones specific for the peptide 81-104 of cytochrome c were crossreactive to the
Mls'^ alloantigen. An evaluation of TCR usage in panels of clones as well as
heterogeneous T cells revealed that the basis for this specificity lies in the
fact that expression of the V;93 gene segment is sufficient to confer Mls*^
specificity on a T cell. In addition, it was demonstrated that mouse strains
which express Mls'^ delete expression of Vfil in their mature peripheral T cell
populations. This failure to express V^3 presumably reflects a consequence of
the maintenance of tolerance to self Mls*^ products. These findings provide a
basis for the understanding of high T cell precursor frequency for Mls^
products, reflecting the overall expression of V;33 in the T cell repertoire.
Moreover, they demonstrate the importance of these products in selection of the
antigen- specific T cell repertoire through a mechanism which appears to involve
the clonal deletion of potentially self-reactive T cells. An analysis of 1) the
extent of TCR V/3 deletions which occur in generation of the mature TCR
repertoire, and 2) the range of self determinants which play a role in these TCR
deletions was carried out by studying mRNA corresponding to 16 V;9 gene products
in a large panel of inbred strains. Strain-specific deletions in 9 of the 16 Vfi
families were detected and were shown to be related to the expression of
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multiple MHC and non-MHC self determinants. These findings indicate that
maintenance of tolerance to a variety of self determinants results in
substantial deletions in available TCR V^ repertoire (9265). The role of the

thymus in TCR negative selection was analyzed by examining TCR V/3 expression in

T cells which have matured in congenitally athymic nude mice. It was found that
V/9 deletions which normally occur in mice expressing MHC class II EaEj3

determinants (VySll) or non-MHC Mls'^ determinants (V/33) fail to occur in the CD4"''

and CD8+ T cells of athymic mice, demonstrating that efficient negative
selection is thymus -dependent (9265) .

The role of endogenous lymphokines in T cell activation has also been evaluated
in Dr. Hodes' laboratory (9205). The proliferative responses of type 2 T helper
clones are inhibited by antibody specific for the lymphokine interleukin 4

(IL4) , which is produced by these clones. This demonstrates that IL4 acts as an
autocrine growth factor for these T cells. In addition, mRNA levels
corresponding to a number of activation genes are inhibited by the presence of
anti-ILA antibody during T cell activation. In contrast, the level of IL4 mRNA
actually increases in the presence of this antibody, suggesting that
endogenously produced IL4 may normally down regulate its own steady state mRNA
levels

.

Dr. Gene Shearer's laboratory has investigated a series of murine models of
autoiimnunity with lupus -like characteristics, including a graft versus host
(GVH) -induced model of lupus, the genetically determined lupus -like syndrome in
MRL/lpr mice, and a retroviral induced model of B cell lymphoproliferative
disease (9282) . All three models are characterized by autoantibody production
and activation of suppressor T cells that are selective in their effect on CD4"'"

T helper cells. Preliminary studies in humans with SLE indicate that most of
these patients exhibit a selective defect in CD4"'" T helper function. These
studies may provide a better understanding of immune regulation and
dysregulation in autoimmune disease.

Dr. Shearer's laboratory has also investigated the effects of different
immunologic insults on the development of murine T Ijmiphocytes from bone marrow
stem cells (9264,9255). These studies indicate that either a GVH reaction or
treatment of mice with cyclosporin A (CsA) results in thymic damage such that
after irradiation and bone marrow grafting, both CD4"'' and CDS'*" cells develop,
but there is a selective absence of CD4"'' T helper function. If bone marrow
transplantation precedes treatment with CsA, mice fail to develop single
positive (CD4"'"CD8' or CD4'CD8"*') T cells. These results provide a model that
should be useful for investigating: a) the role of the thymus in T cell
development; b) the expression of T cell receptors; and c) the effects of GVH
and CsA on immune reconstitution in patients exposed to these immunologic
insults

.

Studies of T lymphocyte responses in HIV , asymptomatic individuals by Dr.
Shearer's laboratory indicate that approximately 50% of these patients exhibit
selective CD4 T helper cell functional defects without any AIDS symptoms and
without loss of CD4''" cell numbers (9267) . A defect of antigen-presenting cell
(APC) function was not observed in any such asymptomatic individuals. Many
patients in various stages of disease exhibited a selective loss of CD4''" T
helper function but retained CD4' T helper function to HLA alloantigens . The
results of this study: a) permit the detection of three stages of T helper
dysfunction not previously defined by AIDS diagnostic tests; b) do not implicate
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an APC defect early in disease progression; and c) provide evidence for an

alternate (CD4') T helper pathway that may be utilized for developing
immunotherapy strategies in HIV patients

.

Studies by Drs . Laszlo and Dickler have identified a monoclonal antibody, DL-10,

that detects a determinant (termed Ly-39.1) preferentially expressed on
activated mouse B lymphocytes (9277). Expression peaks 60 hours after
activation using LPS. The Ly-39.1 determinant is also expressed on splenic B

lymphocytes and a subpopulation of bone marrow cells but at much lower levels
and is absent from thymocytes, splenic T Ijmphocytes , and activated T

lymphocytes. Mapping studies using BXD recombinant inbred mice indicate a gene
controlling expression of the Ly-39.1 determinant is located on chromosome 17

between hbap-4 and acry-1. These results together with a unique strain
distribution pattern suggest that Ly-39.1 is detecting a previously undescribed
determinant selectively expressed on activated B lymphocytes which may be a

receptor for lymphokines . Studies of B lymphocyte subpopulations indicate that
irradiated large "activated" B lymphocytes, obtained directly from mice or B

lymphoblasts induced in vitro . can augment responses of resting B cells
stimulated with F(ab')2 anti-mu and lymphokines. Proliferation was augmented 2-

4 fold while antibody production was augmented 4-5 fold. This effect was
specific for "activated" B lymphocytes in that other cell types did not have
this effect. Kinetic experiments revealed that the augmenting signal was
effective after stimulation via antigen receptors but prior to the effects of
lymphokines. The augmenting effect does not appear to be genetically
restricted. Investigation of the nature of the signal revealed that neither
supernatants nor plasma membranes from activated B cells alone augmented
responses but both together did. These studies suggest that interactions
between B lymphocytes are important in regulating humoral immune responses

.

2. CELL BIOLOGY OF IMMUNE RESPONSES

Dr. Stephen Shaw's laboratory has been identifying and characterizing the
functions of cell surface molecules which facilitate T cell recognition
("accessory molecules"), particularly those which mediate adhesion (9257).
ICAM-1, which they have previously characterized as a cell surface ligand for
LFA-1, has been studied following immunoaffinity purification for its functional
role not only in T cell adhesion but also as a costimulus for T cell activation.
Its capacity to facilitate CD3-receptor mediated activation, together with other
aspects of its regulation and function, suggest that it may be one of the most
important "second signals" for T cell activation. Studies of other accessory
molecules have identified CD44 as an additional member of the functionally
important class of molecules involved both in T cell adhesion and activation.
Studies of T cell/monocyte adhesion are characterizing the molecular basis of
this immunologically important cell interaction.

Studies on the mechanism of lymphocyte -mediated cytotoxicity in Dr. Henkart's
laboratory (9251) have shown that red blood cells are killed by both cloned
cytotoxic T lymphocytes and helper T cells when linked to these cells by their T
cell receptor. This cytotoxicity appears to operate by the same mechanism as
the killing of more complex nucleated targets. Exocytosis of the granule
cytolysin from the lymphocyte does not readily explain a substantial calcium-
independent component of this lysis, nor does it account for the activity of
cloned helper cells, which do not contain detectable levels of the cytolysin.
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Other studies on the potent lytic agent cytolysin isolated from the secretory
granules of cytotoxic lymphocytes have revealed that this protein can bind to
target cells in a step prior to the lytic event. The lysis of the stable
intermediate produced after this binding requires calcium. Studies on tumor
target cells show that cytolysin can cause a sublethal membrane damage which can
be repaired by the cells

.

Dr. Henkart's laboratory (9263) has studied the role of secretory granule
proteases in mediating target cell DNA breakdown during killing by cytotoxic T
lymphocytes. By pretreatment of intact CTL with the covalent inhibitor PMSF
granule proteases could be efficiently inactivated in the presence of agents
which raise the pH of acidic intracellular compartments. This did not
significantly inhibit the lytic efficiency of the CTL, but did greatly reduce
target DNA breakdown. They have also found that cytotoxicity mediated by
purified granules from CTL or NK tumors is accompanied by target DNA breakdown,
and that this appears to require both cytolysin and another granule component.
This component has been purified by assaying DNA release from detergent- isolated
nuclei. In CTL granules this activity is identical to the previously described
serine protease granzyme A. The mechanism by which this protease causes DNA
breakdown is currently under investigation.

Studies in Dr. Alfred Singer's laboratory have identified both CD4'^ and CDS"*"

lymphokine- secreting T-helper cells that initiated anti-MHC responses in vivo
and in vitro (9256) . Studies to identify any second signals involved in the
activation of these two phenotypically distinct populations of T-helper cells
revealed that IL-1 is a biologically active co-factor that together with ligand,
either MHC class I or class II, will trigger either CD4"'" or CDS'*" Th cells to
secrete IL-2. Dr. Alfred Singer's laboratory has also recently identified the
first conventional antigen that will activate CDS"*" Th cells to secrete IL-2,
namely vaccinia virus (9256). In these studies, Dr. Singer's laboratory found
that CDS Th cells constitute a portion of the Th cell population in virus
infected mice, but that they are relatively short-lived and most prominent
within several weeks of virus infection. These results are consistent with the
hypothesis that CDS'*" IL-2 secreting Th cells require high ligand density for
activation, a density generally only achieved by MHC alloantigens and
replicating viruses.

Dr. Alfred Singer's laboratory has examined the molecular requirements for MHC
recognition by class I allospecific T-killer cells (9256) . These studies have
identified a segment of the alpha-helical loop of the class I molecule to be a
necessary docking site for most Kb-specific T cells. In other studies Dr.

Singer's laboratory has found that multivalent cross -linking of the CDS
molecules expressed on mature T-killer cells actively induces them to
differentiate into anti-CDS resistant T cells (9256), suggesting that
multivalent CDS cross -linking induces an activation signal to mature CDS"*" T-

killer cells.

Dr. Segal's laboratory has shown that antigen-presenting cells coated with
certain types of bispecific antibodies present antigen to T cells at
concentrations that would normally be too low to elicit a response (9254,9255).
With normal mouse splenic B cells as a source of antigen-presenting cells,
antigen targeted to sIgD or sIgM was more efficient in vitro than when targeted
to class I or II MHC molecules, possibly because of the relatively rapid rate of
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internalization following binding to sig. Rapid internalization of antigen
targeted with bispecific antibodies through its natural route, such as sIgD, was
followed by storage and slow release of processed antigen to the B cell surface.
By contrast, internalization through MHC molecules was slow, and was not
followed by storage of antigen. However, the small amount of antigen
internalized via surface MHC was efficiently processed and presented shortly
after internalization. Further studies of antigen presentation in vivo have
shown that the amount of antigen required for an antibody response in mice can
be reduced 10-10 fold, to nanogram levels, by targeting antigen to selected
antigen presenting cells with bispecific antibodies instead of using antigen
alone. However the enhanced response did not appear to involve B cells as

antigen presenting cells in that bispecific antibodies containing anti class I

or class II MHC but not anti-IgD antibodies were effective.

Dr. Hodes' laboratory has analyzed the mechanisms mediating the function of T

helper cells in T dependent B cell antibody responses (9266) . A role of both
specific and non-specific T cell derived signals was demonstrated for activation
of B cell antibody responses. It was shown that the supernatants of activated
cloned T helper cells were capable of replacing these T cells in the antigen
specific and MHC restricted induction of B cell IgG antibody responses. Two
distinct and synergizing activities were identified in this supernatant:
Interleukin 4, and an antigen- specific and MHC-restricted soluble factor. It
was demonstrated that this latter factor can be affinity purified employing
monoclonal antibodies specific for T cell receptor V/38 determinants.
Biochemical analysis of S-methionine metabolically labeled cell-free material
has shown that a disulfide -linked heterodimer indistinguishable from the cell
surface TCR afi heterodimer is released into the supernatant of multiple T cell
lines studied. . The a/9 dimer in this material is associated with the CD3e chain
and is not associated with other cell surface molecules such as MHC class I

products. A mechanism for the rapid and directed secretion of mediators by T
help was also demonstrated by analysis of granule exocytosis by T helper cells.
Cloned helper cells, in response to T cell receptor mediated stimuli but not in
response to IL2 , rapidly secrete the contents of cytoplasmic granules. This
provides a potential mechanism for the transmission of B cell activating stimuli
from helper T cells to target B cells.

Studies by Drs . Laszlo and Dickler have shown that cross-linking of murine B
lymphocyte Fc RII receptors (FcR) by their specific ligand, together with ligand
binding by B cell surface IgM, inhibits B lymphocyte differentiation at a
particular stage in B-lymphocyte development (9253). Treatment of B cells with
IL-4 or stimulation of B cells with F(ab')2 anti-u or with a combination of PMA
and CA ionophore results in diminished FcR ligand binding capacity, which
consequently blocks FcR regulation of B lymphocytes. Inhibition of protein
synthesis prohibits IL-4 and anti-u induced loss of complex binding, suggesting
that this loss may be due to association of FcR with another membrane molecule.

3. TRANSPLANTATION BIOLOGY

A number of observations have suggested that host lymphocytes, specifically
cytotoxic T cells (CTL) , may play a significant role in mediating allogeneic
marrow graft rejection. In a murine model system developed in Dr. Gress'
laboratory (9287), it was found that: 1) a cloned CTL population was sufficient
to reject an allogeneic marrow graft; and 2) the mechanism by which these marrow
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grafts were rejected was specific for MHC gene products expressed by the donor

marrow and corresponded to the cytotoxic specificity of the clone. One approach

to inhibit such graft rejection by CTL is by in vivo administration of

monoclonal antibodies with specificity for CTL surface antigens. Administration

of anti-CD3 to mice results in T cell activation within hours of administration,

manifest by secretion of colony stimulating factors (CSF) detectable in the

sertim and produces extramedullary hematopoiesis in the spleen. In considering

the use of anti-CD3 monoclonal antibody to enhance the engraftment of allogeneic

marrow, these results indicate that it may be beneficial to time the injection

of allogeneic marrow so that it is present during the period of T cell

activation induced by the antibody in order to provide the possible benefit of

factors which stimulate hematopoiesis.

Studies in murine marrow chimeras have suggested that MHC mismatched marrow

transplantation is associated with immunoincompetence of the T cell arm of the

immune response. To evaluate whether T cell maturation processes are comparable

in mouse and man, the development of T cell responses in a primate, the rhesus

monkey, has been studied in other experiments from Dr. Gress' laboratory (9288).

The time course of CDW^ and CD8/CD28 T cell reconstitution and the time course

of the development of in vivo T cell immunocompetence (as defined by the ability

to respond to an organ allograft) correlated with the number of T cells infused

in autologous marrow, and did not correlate with marrow cell dose or with time

of hematopoietic reconstitution, raising the possibility that residual T cells

in the infused T cell depleted marrow played a central role in the generation of

subsequent T cell populations. This would imply that the generation of T cells

in marrow grafted primates may not be the same as in the mouse . Such

differences would potentially have important implications for the

transplantation of HLA-mismatched marrow in man.

Studies from Dr. Alfred Singer's laboratory have focused on the basic cellular

mechanisms responsible for initiating and mediating transplantation responses in

vivo (9275). Both isolated populations of CD4''" and CD8"'" T cells were able, in

isolation, to initiate and mediate skin allograft rejection responses, but did

so by recognizing different classes of MHC alloantigens . Consequently,
allograft rejection was not a function unique to one phenotypically distincT T

cell subset. Indeed, Dr. Alfred Singer's laboratory found that in vivo skin

allograft rejection responses required the initial activation of lymphokine
secreting Th cells and the subsequent activation of lymphokine responsive Tk

cells. These two T cell functions could either be meditated by interactions
between distinct populations of Th and Tk cells, or, alternatively, could be

mediated by a activation of a single population of dual function T cells that

both secreted lymphokine and differentiated into cytolytic effector cells

(9275).

In theory, in vivo allografts could either be destroyed by an antigen-non-
specific lymphokine mechanism or by antigen- specific T- effector cells that

assessed each individual cell in the graft for expression of alloantigens. To

distinguish these mechanisms, Dr. Alfred Singer's laboratory constructed
allophenic mice and assessed the antigen- specificity of the effector limb of the

in vivo rejection response (9275). These studies revealed that the effector
mechanism of in vivo allograft rejection is highly antigen- specific , destroying
cells expressing alloantigens but sparing cells within the graft that do not.
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Somewhat surprisingly, Dr. Singer's laboratory found a similar degree of

antigen- specificity for la-restriced CDA"*" T-effector cells, even though most of

the epidermal cells within a skin allograft are MHC class II negative (9275)

.

It is likely from these findings that la" keratinocytes are induced to express
la determinants during the in vivo rejection response, making them targets for

la-restricted T-effector cells.

To ascertain that the immune mechanisms involved in rejection of skin allografts
are also involved in rejection of other types of allografts, Dr. Alfred Singer's
laboratory has examined the cellular basis for rejection of fetal pancreas
allografts and isolated Islet cell allografts (9275) . These studies revealed
that the cellular basis for rejection of fetal pancreas allografts is identical
to that involved in rejection of skin allografts (9275). In contrast, rejection
of isolated Islet cell allografts is accomplished entirely by CD4''" T cells, and
not by CDS'*" T cells (9275). The basis for the limited rejection response
against isolated Islet cell allografts is thought to be the absence of donor APC
in the Islet cell allografts capable of activating CDS"*" Th cells (9275). Graft-
versus-host disease (GvHD) is dependent in its generation on the presence of
immune competent T cells in the donor marrow with specificity for allogeneic
antigens of the host. One approach to preventing GvHD is the removal of these T

cells from the marrow inoculum. Monoclonal antibodies with specificity for cell
surface antigens expressed by human T cells have been used in Dr. Gress'
laboratory (9271) to deplete normal T cells from allogeneic marrow and to remove
malignant T cells from autologous marrow. A clinical protocol has been
developed to assess the feasibility of utilizing these marrows in the treatment
of aggressive T cell malignancies in combination with marrow ablative
chemotherapy and radiotherapy.

Studies from Dr. Shearer's laboratory (9264) have focused on the effects on T
lymphocyte function of treatment of mice with cyclosporin A (CsA) . Exposure of
mice in vivo with different doses of CsA indicate that lower doses of CsA
selectively abrogate CDA"*" T helper function and activate T suppressor cells that
selectively inactivate CDA"*" T helper function, whereas higher doses of CsA
abolish both CD4"'" and CD"*" T cell functions and activate non-T suppressor cells
that inactivate all T cell functions tested. Preliminary studies in humans
treated with different doses of CsA suggest similar patterns of T cell
inactivation. These findings may be important for understanding the
mechanism(s) responsible for the effects of CsA on allograft retention and may
be useful in determining optimal doses of CsA for treatment of transplant
patients

.

Other experiments from Dr. Shearer's laboratory (9260) indicate that murine
cytomegalovirus (MCMV) infection can synergize with a graft-versus-host (GVH)
reaction to make the GVH more severe. MCMV was found to provide a class II -like
signal to synergize with a class I GVH, but does not appear to provide a class
I-like signal and synergize with a class II GvH. The antiviral drug DHPG can
reduce MCMV infection, but does not reduce the severity of GVH in MCMV-GVH
synergy. Studies of this type may help to elucidate the synergistic effects of
CMV infection and GVH disease in human bone marrow transplantation.
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4. STRUCTURE. REGULATION AND FUNCTION OF GENES INVOLVED IN THE IMMUNE RESPONSE

Studies carried out in Dr. Dinah Singer's laboratory have demonstrated that the

swine class I MHC multigene family contains only seven members , and as such is

the smallest known class I family. Recent studies have been aimed at the

characterization of the structure, expression, and function of this family.

Physical mapping has established that all of the genes are linked and resident

within 500 kb . Determination of the DNA sequences of five members of the family

have shown that the sequence organization of the class I SLA genes is similar to

that of other class I genes in other species. Despite the small size of the

family, three sub-groups of genes can be discerned based on their sequence

homologies (9269). Analysis of class I cDNA clones has established the exon

organization of the genes, as well as their expression. Only four class I genes

appear to be expressed in vivo (9269, 9270). The three sub-groups defined by

DNA sequence also display discrete patterns of expression. Thus, the genes of

one sub-group are expressed ubiquitously, although their quantitative levels

vary. A second sub-group defines a differentiation antigen. A third sub-group

does not appear to be expressed at all (9270, 9276).

In order to investigate the molecular basis for the differential patterns of

expression, Dr. Dinah Singer's laboratory has begun to generate and analyze

transgenic mice containing isolated swine class I genes (9276). For one gene,

encoding a classical transplantation antigen, it has been demonstrated that the

pattern of expression of the swine gene in the transgenic parallels that

observed in situ. Transgenics containing three other class I gene constructs
have been generated.

Dr. Dinah Singer's laboratory has initiated studies to characterize DNA sequence
elements and cognate trans acting factors associated with class I MHC genes

(9270, 9276). A series of negative and positive regulatory DNA sequence
elements within the 5' flanking region of the classical transplantation antigen
gene have been identified. In particular a novel negative regulatory element
has been described whose function is absolutely dependent on the presence of an

enhancer element. This interaction is mediated by trans acting factors.
Physical mapping of binding sites of trans acting factors has been achieved by
both gel retardation and exonuclease protection assays. Although the molecular
mechanisms by which the regulatory elements and their factor function is not
known, the data suggest a model in which the negative and positive regulatory
elements each define an independent binding site (9270)

.

Class I MHC gene expression is known to be induced by immunomodulators . Recent
studies in Dr. Dinah Singer's laboratory have not only demonstrated the ability
of a foreign class I gene in a transgenic mouse to respond to interferon, but
have mapped the interferon responsive element. Furthermore, other studies in

the same laboratory have demonstrated that ethanol, at physiologically
attainable levels, is able to act as an immunomodulator by elevating steady
state RNA and cell surface levels. Measurement of class I MHC antigen on
peripheral blood lymphocytes in acutely intoxicated individuals showed a highly
significant increase over controls (9270,9276,9210,9255)
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5. TUMOR IMMUNOLOGY

Drs . Segal and Wunderlich have studied human blood lymphocytes from additional

normal donors and confirmed that T lymphocytes can be targeted with bispecific
antibodies in an MHC - independent fashion to block growth of established human
ovarian cancer cells in an immunodeficient nude mouse model (9250,9254). In

vitro tests show that multiple lineages of leukocytes can be activated and then

directed to react against tumors by targeting with bispecific antibodies,

including CD8'^,CD56^ T-cells, CD8"'",CD56' T-cells, CD4"^,CD56" T-cells, NK cells,

and monocytes

.

In the course of studying mechanisms for inducing MHC -independent antitumor
cells, Dr. Wunderlich' s laboratory has identified a detoxified form of

lipopolysaccharide that synergizes with dextran sulfate to induce in vitro
generation of murine cytotoxic antitumor cells (9250) . The stimulatory action
of these factors has been successfully adapted to in vivo induction of antitumor

cells in the peritoneal cavity of mice. The response depends upon accessory
cells, T-helper cells, and cytotoxic precursor cells, although the former two

cell types can be bypassed with low doses of IL-2 in the stimulation mixture.

The response results not only in activated killer cells that are directly
cytotoxic for tumor cells but also in at least two populations of activated
cells that can be targeted against tumors with bispecific antibodies: T cells
targeted through CD3 determinants and NK/K cells targeted through FcR
determinants

.

6. FLOW CYTOMETRY

The Experimental Immunology Branch flow cytometry laboratory is managed by Susan
Sharrow (9255). The laboratory currently supports over 80 individual research
projects for more than 55 investigators. These investigations involve
quantitative single cell analysis of parameters associated with cell types
freshly prepared from different species/tissues, as well as spectrum of in vitro
cultured cells. Basic research support is provided to members of the EIB and
the Immunology Branch, as well as to other members of DCBD. Currently supported
projects include a broad range of applications in the areas of cellular
immunology, immunochemistry , transplantation biology, clinical immunology,
immunogenetics , tumor immunology, and molecular immunology. These include, but
are not limited to, the following studies: a) in vivo and in vitro analyses of
intra-cellular signaling via T cell surface molecules, b) characterization of T
cells from animals with genetic or induced immune dysfunction; c) studies of the
pathogenesis of graft-versus-host disease; d) analyses of the correlations
between T cell memory and the quantitative expression of cell surface adhesion
molecules; e) investigations of T cell ontogeny and differentiation; f) studies
of mechanisms of T cell repertoire generation; g) analyses of transplantation
antigens and of gene regulation of expression of these antigens; h) investiga-
tions involving mechanisms and manipulations of antigen-presentation processes;
and i) analyses of the mechanisms involved in marrow graft rejection versus
acceptance (9256,9268.9273.9264,9259.9260,9276,9285,9254,9271,9287,9288,9255,
9265).

Flow cytometric analysis has been a particularly critical element in Dr. Shaw's
laboratory's systematic analysis of markers of human T cell heterogeneity
(outlined above in Lymphocyte differentiation and regulation) (9257).
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SUMMARY OF WORK (Usm standvd unrertucati type. Do not axcoaa tha spacm providmL)
We have confirmed by tests with peripheral blood from additional normal donors
that human T lymphocytes can be successfully retargeted by heterocrosslinked
antibodies to block the intraperitoneal growth of established human ovarian
carcinoma cells in an immunodeficient athymic mouse model. Moreover, results of
in vitro tests indicate that the retargeted antitumor cells represent less than
15% of the T cells and that inactive T cells become targetable if precultured
with IL-2 and immobilized anti-CD3. In searching for a good in vitro correlate
of in vivo antitumor activity, we have found that a 1-week in vitro tumor growth
inhibition assay is a better indicator of retargeted antitumor activity in vivo
than the 4-hour Cr-release assay.

Two steps during the last year have led us closer to means for inducing AK
activity in mice in a fashion less toxic than high-dose IL-2. First, AK
antitumor cells have been induced in the peritoneal cavity of mice by the
synergistic combination of IP injections of dextran sulfate and LPS, and oral
indomethacin, which blocks prostaglandin induction by LPS. Second, 'a detoxified
derivative of LPS has been identified that cooperates with polyanions to induce
AK activity. Also, we have found that dextran sulfate induces generation of
murine cytotoxic T cells can be retargeted with heteroconjugated monoclonal
antibodies. These advances offer new approaches to testing host antitumor
activity in a mouse syngeneic tumor model.
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Project Description

Major Findings :

The focus of this laboratory has been on antitumor cytotoxic effector cells and
factors that influence their generation. This year we have extended our studies
of a) retargeting of human lymphocytes to human tumor cells, and b) MHC-
nonrestricted cytotoxicity mediated by activated killer (AK) cells.

1. Retargeting the human immune system against human tumor cells . In
collaboration with Dr. David Segal we are continuing our efforts to focus the
immune system against selective tumors by redirecting the specificity of
lymphocytes with heterocrosslinked antibodies. The heterocrosslinked antibodies
are generated by chemically crosslinking monoclonal antibodies that react on one
hand with triggering sites on the lymphocytes and on the other hand with
antigens selectively expressed by tumor cells.

The major tumor model we use involves a human ovarian cancer cell line (OVCAR-3)
that grows intraperitoneally in immunocompromised athymic mice. Growth of the
tumor mimics important features of the human disease by generating massive
ascites and invasive tumor implants, which progress to pulmonary metastasis and
death by respiratory compromise and bowel obstruction.

Four to six days after mice are injected with tximor, we treat them over a 2 -day
period with four intraperitoneal injections of rIL-2 activated, retargeted human
lymphocytes from a normal donor. At the time of treatment, mice have an
established, growing tumor burden, and we estimate that the ratio of lymphocytes
to tumor cells is 1:1 or less. Effects of the treatment on tumor growth are
determined by measuring the amount of tumor in peritoneal wash fluid collected
15 days after tumor cells were initially injected. Without treatment the tumor
burden increases about 30 fold over the 15 day period.

Continuation of last year's tests with additional donors has clearly established
that treatment of tumor-bearing mice with retargeted human T lymphocytes
significantly increases the incidence of tumor- free mice from heterocrosslinked
antibody must link the T cells to tumor cells via triggering sites on the
lymphocytes. Moreover, we have identified 3 different monoclonal antibodies
that target T cells against OVCAR-3 cells when used in heterocrosslinks

.

Additional cytotoxicity tests in vitro, using lymphocytes separated by buoyant
density, showed that less than 15% of human peripheral blood T cells from each
of 9 normal donors were effectively retargeted against tumor cells and that the
active T cells were confined to relatively low density cells. For one donor
whose cells were further tested, the targetable T cells were confined to the
CDS

,
CD56(NKH1) phenotype . As a result of searching for means to effectively

retarget more T cells, we have found that the high density T cells become
targetable if preactivated by culture with IL-2 and immobilized anti-CD3.
Activated, targetable T cells, originating from the high density population lose
density with activation; however they may be of a different lineage than the
original low density T cells in that they remain CD56 negative.
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Finally, we have been searching for a better in vitro correlate of in vivo
antitumor immune activity than found with ^'"Cr-release assays. The most
promising test is a week-long tumor neutralization (Winn) assays in athymic mice
and with 4-hour Cr-release assays using retargeted human T lymphocytes and a
human colon adenocarcinoma line, LS174T. We have observed a correlation between
results of in vitro tumor growth inhibition and in vivo assays in the following
situations. Both CD8-depleted T-cells and high density T cells when retargeted
show antitumor activity. Also, both the growth inhibition and the in vivo assay
show innocent bystander antitumor effects when effector cells are retargeted to
irradiated normal cells mixed with the tumor cells. The innocent bystander
effect may be mediated by a cell -free cytotoxic factor that we have identified
in the supernatant of the growth inhibition tests involving antitumor activity.
By contrast, the Cr-release assay fails to detect antitumor activity by either
retargeted CDS -depleted T cells or high density T cells. Moreover, innocent
bystander effects have not been observed in the ^'"Cr-release assay.

2- MHC-nonrestricted cytotoxicity of murine activated killer (AK) cells against
tumors

.
Previous work in this laboratory has shown that potent AK cell activity

against tumors is generated primarily from NK cells, when mouse spleen cells are
cultured for 5 days with small amounts of selected macromolecular polyanions and
lipopolysaccharide (LPS), which act synergistically . Previous work has also
shown that the response requires cell cooperation between accessory cells, T-
helper cells and cytotoxic precursor cells and that the response does not simply
involve enhanced production of IL-2 or interferon.

This year we have tested the feasibility of inducing AK activity in vivo with
dextran sulfate and LPS, and we have also further explored the basis for the
response that occurs in vitro. In the course of testing a variety of detoxified
forms of LPS, we have identified a deacylated derivative of LPS, produced by
Dr. Myers at Ribi Inc., that can replace native LPS as a cofactor for inducing
AK activity. We have also used a combination of cofactors to induce AK activity
in the peritoneal cavity of mice, namely oral indomethacin, which blocks LPS-
induced production of prostaglandins, and IP injections of LPS and dextran
sulfate. In vitro, LPS and dextran sulfate induce not only AK cells, but also
targetable cytotoxic T cells, as shown by retargeting tests in vitro with
heterocrosslinked antibodies that act on T cells. We anticipate that dextran
sulfate, indomethacin, and detoxified LPS can be used in vivo with hetero-
crosslinked antibodies to provide protection against tumor growth in a syngeneic
mouse tumor model.

The mechanism of action of LPS appears to involve the release of TNFa and/or
interferon ^ in that these cytokines synergize with dextran sulfate, but not
with LPS, to induce generation of AK cells. LPS is known to stimulate release
of both cytokines, TNFq arising primarily from macrophages and interferon from
T helper cells. A fundamental role for la expression by accessory cells is
clear from the observations that anti-la antibodies block inductions of AK cells
by dextran sulfate and LPS and that L-cells transfected with la genes syngeneic
but not allogeneic to the responding lymphocytes induce high levels of AK
activity by spenocytes even in the absence of dextran sulfate and LPS.
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Proposed Course of Project :

1. Retargeting the immune system against human tumor cells . In collaboration
with Dr. David Segal we plan to pursue the following issues involving
retargeting human lymphocytes against human ovarian cancer cells in the athymic
mouse model: 1) study the effects of retargeting on host survival, 2) retar-
get leukocytes other than T- cells, such as NK cells, neutrophils and monocytes,
by using in the heterocrosslinked antibody preparations of monoclonal antibodies
against Fc receptors, 3) determine the effects of retargeting against larger in
vivo tximor burdens, 4) determine whether retargeted cells injected IV will come
to tumor in the peritoneal cavity, and 5) initiate an all -mouse model for
testing the effects of retargeting in vivo against tumors.

2

.

MHC-nonrestricted cytotoxicity of activated killer (AK) cells against
tumors . We plan to investigate the following issues concerning generation of AK
cells. 1) Will induction of AK cell and T cell activity IP in mice by methods
described above, combined with retargeting antibodies, promote in vivo tumor
rejection? 2) Roles for cytokines (eg TNFa and INF/3) , which alone are
insufficient, have been identified in the AK response induced by polyanions and
LPS. Can additional relevant cytokine intermediates be detected by testing the
supernatants of cultured accessory cells pulsed with LPS, by using anticytokine
neutralizing antibodies, and by addback tests with purified cytokines? 3) Will
the same rules that apply to generating AK cells with polyanions and LPS also
apply to generation of veto activity, which we have observed among thymocytes
stimulated in vitro by IL-2.

Publications :

Segal DM, Garrido MA, Perez P, Titus JA, Winkler DA, Ring DB, Kaubisch A,
Wunderlich JR. Targeted cytotoxic cells as a novel form of cancer immunotherapy.
Mol Immunol 1988;25:1099-1103.

Segal DM, Snider DP, Perez P, Qian J-H, Titus JA, Garrido MA, Winkler DA,
Wunderlich JR. The use of heterocrosslinked monoclonal antibodies in targeting
cytotoxic cells and in facilitating antigen presentation. Acuta Sandoz
1989;14:58-70.

Wunderlich JR, Shearer GM. The ^'"Cr- release assay fro lysis of target cells by
cytotoxic T-lymphocytes (CTL) . In: Coligan JE et al Ed. Current protocols in
immunology. 1989; in press.
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SUMMARY OF WORK (Us* standvd unreduced type. Do not exceed tne spaca piwidad.)

Both cytotoxic T lymphocytes and cloned helper T lymphocytes have the ability to
cause rapid lysis of mammalian red blood cells in the presence of crosslinked
hybrid antibodies against the T cell receptor and a target membrane antigen.
Studies of the physiology of CTL lysis of the red cells showed that, in contrast
to lysis of nucleated cells, no measurable killer cell independent phase of the_
lytic process was detectable. The helper T cells did not contain measurable
levels of granule cytolysin as shown by rbc lysis of purified granules, by
immunofluorescence using anti-cytolysin antibodies, or by Northern blots.
Substantial levels of cytotoxicity remained in the presence of EGTA, suggesting
that the granule exocytosis mechanism cannot explain at least some of the lytic
activity.

The mechanism of lysis by LGL granule cytolysin as been analyzed by identifying an
intermediate in the lytic process which is stable in both low pH and low ionic
strength (in isotonic sucrose). The cytolysin in this intermediate was found to
be displaced from the cell by treatment with IN NaCl, indicating that it was not
inserted into the membrane

.
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Project Description

Major Findings:

In this project we are pursuing three different approaches to understanding the
mechanism of lymphyocyte mediated cytotoxicity and particularly the validity of
the granule exocytosis model previously described in our laboratory.

In the first approach, the mechanism of lysis by LGL granule cytolysin has been
analyzed by taking advantage of the observation that low pH and low ionic
strength (in isotonic sucrose) block lysis at a step after cytolysin binding to
red cells. Thus we can wash off all unbound cytolysin and produce a stable
intermediate which will hemolyse when resuspended in a buffer containing iso-
tonic saline at neutral pH. Calcium is required for this lytic step by either
route of intermediate formation. We have found that incubation of either
intermediate, using either red cells or tumor cells, with IN NaCl causes
cytolysin to be released in active form from the cell into the medium. This
indicates that no insertion into the membrane lipid bilayer has occurred. We
also find that a non-cytolysin granule component stabilizes the intermediates
which are formed. This appears to be the granule proteoglycan, based on its
resistance to preteolytic digestion, and its sensitivity to chrondroitinase.

In another approach, we have studied the killing of mammalian red blood cells as
simple target cells for CTL since these cells are unlikely to undergo a
postulated "programmed cell death" or to have receptors for cytotoxic
lymphokines; we thus predicted that they would utilize the granule exocytosis
pathway of cytotoxicity. Using heteroconjugates , i.e., crosslinked hybrid
antibodies against the T cell receptor and a red cell membrane antigen,
efficient lysis of both red cell and nucleated targets could be achieved using
cloned CTL or helper T cells. In most experiments removal of calcium from the
medium using the chelator EGTA left a significant level of killing; under these
conditions, neither granule exocytosis nor cytolysin activity. The T helper
clones do not contain detectable cytolysin in their granules, nor is cytolysin
detectable by indirect immunofluorescence of detergent permeabilized fixed
cells. These results suggest that another pathway and lytic agent is
responsible for the cytotoxicity.

Proposed course:

The ability of T lymphocytes to kill red blood cells by a non-granule exocytosis
pathway is a critical issue for the lymphocyte cytotoxic mechanism field. We
are currently testing the T helper clones which kill for the presence of mRNA
specific for cytolysin/perforin. If this is negative, the evidence will be
strong that an alternative pathway exists, and further work on the physiology of
this cytotoxicity will be undertaken with an aim of understanding it on a
molecular basis.
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The principle approach we are taking to test the applicability of the granule
exocytosis model is by transfecting the rat basophilic leukemia cell line (RBL)

with the gene for cytolysin (perforin) . The RBL cells were chosen since they
have a IgE- triggered regulated secretory pathway utilizing acidic granules
containing lysosomal enzymes. They do not normally express cytolysin nor do they
kill, but when transfected with the appropriate gene we predict that they should
be capable of lysing IgE coated target cells by the granule exocytosis pathway.
At the present stage we have taken the mouse cDNA clone gene, trimmed away most
of the 5' upstream region and inserted the gene into the pSVL expression vector
(which uses a SV40 promoter) in the correct orientation.

Publications :

Bashford CL, Menestrina G, Henkart PA and Pasternak CA. Cell damage by
cytolysin: Spontaneous recovery and reversible inhibition by divalent cations.
J. Immunol. 1988;141:3965-3974.

Kuta AE, Reynolds CR and Henkart PA. Mechanism of lysis by LGL granule
cytolysin: Generation of a stable cytolysin-RBC intermediate. J. Immunol.
1989; in press.

Kolber MA, Quinones RR, and Henkart PA. Target cell lysis by cytotoxic T
lymphocytes redirected by antibody- coated polystyrene beads. J. Immunol.
1989; in press.
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SUMMARY OF WORK (Use stanHanl unreducart type. Do not exceed the space promiaa.)

A controlled, randomized trial comparing immunotherapy to chemotherapy in stage I

and stage II malignant melanoma has been initiated. A total of 181 patients have
entered the trial, which is closed to further accrual of patients. Preliminary
evaluation of data has demonstrated no significant effect of adjuvant therapies on
clinical course.
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Project Description

Major Findings :

As of Dec. 1, 1982, 181 patients had been randomized into this protocol. The

state of the trial is summarized in the following table:

Control MeCCNU BCG BCG & Vaccine
Total Patients Entered 43 46 47 45

Recurrence 32 25 38 25

Deaths 24 23 27 21

In vitro assays have only been carried to the point of indicating that
patients are being effectively immunized with the vaccine (see Project No.ZOl-CB-
05016-10 I). In addition, PPD tests indicate that all patients receiving BCG
have converted to a positive skin test.

Proposed Course of Project :

No further patient accrual will occur. All treatment has been completed and, for

those patients already on study, follow-up as described by the IB-2 protocol will
be continued.
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The goal of this project is to characterize the function of B lymphocyte Fc7
receptors. Previous findings indicate that the Fc7 receptors of B lymphocytes
interact with: a) the lymphocyte cytoskeleton, b) la antigens, c) LyM antigens, d)

surface IgM, and e) surface IgD. Each of these interactions is distinct,
specific, and non-random. Studies utilizing antigen- antibody complexes indicate
that B lymphocyte Fc7 receptors cross -linked by their physiologic ligand down-
regulate B lymphocyte differentiation without affecting proliferation. Resting
but not activated B lymphocytes are susceptible to this negative regulation.
Occupancy of B lymphocytes surface IgM by a separate ligand is necessary for
inhibition to occur, suggesting that the previously described interaction between
these two membrane receptors may be involved in generating the negative signal.
Studies using monoclonal anti-Fc7 antibody (2.4G2) in a variety of forms including
native, chemically cross-linked into homodimers or heterodimers with anti-5 or
F(ab')2 anti-;i antibodies, and on a Sepharose matrix indicate that the monoclonal
antibody only generates the negative regulatory signal if effective cross -linking
of the receptor is obtained. IL-4 specifically induces a marked (90%) loss of
binding of complexes to B lymphocyte FC7R II. The IL-4 induced loss of binding of
complexes was time and temperature dependent and was reversible. IFN-7 could
partially prevent this effect. The loss of binding of complexes did not appear to
be due simply to a loss of expression of FC7R II because IL-4 induced only a
moderate reduction of two FC7R II specific monoclonal antibodies. Stimulation of
[B lymphocytes with F(ab')2 anti-/i or with a combination of PMA and CA^"*" ionophore
I

induced a similar loss of binding of complexes, suggesting that loss of FC7R II
ligand binding capacity can occur via 2 pathways. Inhibition of protein synthesis
prohibits IL-4 and anti-^ induced loss of complex binding, suggesting that this
loss may be due to association of FC7R II with another membrane molecule.
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Project Description

Mai or Findings :

Experiments with antigen- antibody complexes (IgG anti- ovalbumin- ovalbumin or IgG

anti-IgG-IgG) have revealed that such complexes inhibit the antibody secretion
(60-70%) of normal B cells responding to F(ab')2 anti-mu plus lymphokines

.

Complexes in antigen excess were most effective. Maximal inhibition was seen
with as little as 0.2-0.5 ug/ml of complexes. Antibody or antigen alone were
without effect and no effect n proliferation was seen. Depletion of accessory

cells augmented the inhibition and soluble monoclonal anti Fc7 receptor antibody
completely abrogated the inhibition. Time-coarse experiments indicated that

inhibition was real and not simply a change in the kinetics of the response.

Complexes were only effective if added to culture in the initial few hours after

activation. Thus, cross-linking of B lymphocyte Fc7 receptors by their specific
ligand negatively regulates B lymphocyte differentiation but not proliferation
at a particular stage in development.

The requirement for occupancy of B lymphocyte surface IgM in the negative
regulation of B lymphocyte differentiation by Fc7 receptors was investigated.

The degree of inhibition produced by complexes was directly proportional to the

concentration of anti-mu used for triggering. Moreover, when B lymphocytes were
activated with LPS, complexes only inhibited differentiation of B lymphocytes
when antigen receptors were also occupied (TNP- specific B lymphocytes using
either TNP-LPS or TNP on a separate carrier) . This was true even under
conditions where antigen receptor occupancy (in the absence of complexes) did
not increase the magnitude of the response (i.e., the response itself was
antigen- independent) . Proliferation was also not affected in this system.

Kinetic experiments revealed that both Fc7 receptors and antigen receptors had
to be occupied simultaneously by their respective ligands during the early hours
of the response in order to generate the down regulatory signal. Thus, the
downregulatory signal is generated cooperatively by Fc7 receptors (surface IgM).

The previously described interaction between these two receptors may play a role
in the generation of the downregulatory signal.

Studies with monoclonal anti-Fc7 receptor antibodies (2.4G2) indicated that in

native form they did not affect B lymphocyte responses . This was true over a

broad dose range and when give simultaneously or 24 hours prior to B lymphocyte
stimulation. Moreover, homodimers made with 2 different chemical crosslinkers
also did not affect responses. Binding studies indicated that such preparations
were cross-linking at least 4 FC7R. Attempts to produce a large homomultimers
resulted in inactivation of the 2.4G2. In contrast, 2.4G2 chemically cross

-

linked into heterodimers with F(ab')2 anti-mu, or bound to a Sepharose matrix
inhibited B lymphocyte responses in a fashion similar to antigen- antibody
complexes. These studies indicate that monoclonal anti-Fc7R antibodies only
downregulate B lymphocyte responses if sufficient cross -linking of the receptor
is obtained, and that internalization of the ligand is not required. These
studies suggest that 2.4G2 can be used to regulate B lymphocyte responses if
utilized in an appropriate form.
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B Ijrmphocytes from various sources have been assessed for their susceptibility
to Fc-f receptor mediated downregulation. LyB5 negative B cells (from CBA/N
mice) were susceptible, while antigen-primed B lymphocytes were not. These
results are consistent with our earlier conclusion that early B lymphocytes are

most susceptible to this down regulatory signal. B cells from autoimmune MRL/1
mice (which appear to have a T cell abnormality) were susceptible but B cells
from autoimmune NZB mice (which appear to have a B cell abnormality) were not.

The latter was true at any concentration of complexes and with NZB mice of any
age. Thus, the lack of susceptibility to Fc7 receptor mediated downregulation
may play a role in the hyperresponsiveness of NZB B Ijrmphocytes

.

B lymphocytes cultured for 24 h with recombinant IL-4 lost (90%) the capacity to

bind IgG complexes as assessed by flow microfluorometry. Specificity was
indicated by the observations that: IL-1, IL-2, IL-3, GM-CSF, and IFN-7 did not
inhibit the binding of complexes; IL-4 did not have a similar effect on other B

Ijrmphocyte membrane molecules; and inhibition was completely prevented by
monoclonal anti-IL-4 (llBll) . Inhibition was dose -dependent (>60% inhibition
with 1 U/ml and maximal with >30 U/ml) , time dependent (no effect at 4 h and
maximal at 24 h) , temperature dependent (no effect at 4°C) , and reversible
(cells which had lost the capacity to bind complexes due to IL-4 regained this
ability when recultured for 24 h in the absence of IL-4) . The inability to bind
complexes could not be accounted fro solely by a loss of expression of FC7R II

because IL-4 induced only a moderate reduction in the binding of two FC7R II

specific monoclonal antibodies (20% for 2.4G2 and 32% for K9.361). These
results suggest that IL-4 regulates the binding of complexes to B lymphocyte
FC7R by inducing some form of alteration of the receptor. This effect could
play a role in the regulation of B lymphocyte responses by preventing FC7R II
mediated downregulation.

Murine B lymphocytes cultured with F(ab')2 anti-mouse n or S lost (85%) the
capacity to bind antigen- IgG antibody complexes as assessed by flow micro-
fluorometry. Similar to the previously described IL-4 induced loss of FC7R II
ligand binding capacity, anti-;i induced loss of binding of complexes was
concentration, time, and temperature dependent, reversible, and not due to
decreased expression of the receptor because binding of monoclonal anti-Fc7R II

to B lymphocytes cultured with anti-/i was unaffected. Activation of PKC and
elevation of [Ca ]^ may be involved in the anti-/i induced loss of binding of
complexes because culturing B lymphocytes with the combination of PMA and Ca
ionophore induced a similar loss of binding of Cx. Because IL-4 does not
activate PKC or elevate [Ca ]j^ this result also suggests that IL-4 and anti-fi
may alter FC7R II ligand binding capacity via different pathways. Inhibition of
protein synthesis largely prevented IL-4 and anti-^x induced loss of binding of
complexes to FC7R II, suggesting that this loss may be due to association of the
receptor with another membrane molecule. In contrast to the effects of other
activators, LPS caused increased expression of B lymphocyte FC7R II (binding of
both complexes and monoclonal anti-Fc7R II increased three fold). Thus, B
lymphocyte activators alter FC7R II expression or ligand binding capacity and
can thereby affect FC7R II generated regulatory signals.
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Publications :

Dicker HB, Kubicek MT. Effects of various form of monoclonal anti-Fc7R II
(2.4G2) on B lymphocyte responses. Mol Immunol 1988; 25:1169-1174.

Laszlo G, Dickler HB. Interleukin 4 induces loss of B lymphocyte FC7R II ligand
binding capacity. J Immunol 1988;141:3416-3421.
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.

2. Targeted cytotoxic cells from human peripheral blood have been used to

eradicate intraperitoneal growth of human ovarian carcinoma in nude mouse models.
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and to study the mechanisms of antigen presentation. In vivo studies show that
such antibodies can enhance the efficiency of immunization.
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Project Description

Major Findings :

Targeted Cytotoxicity: in vitro studies

We have previously shown that cytotoxic cells can be Induced to lyse cells other

than their natural targets with antibody heteroconjugates which contain an

antibody against the cytotoxic cell receptor crosslinked to an antibody against
a target cell structure, for example a tumor antigen. We are continuing our

studies on identifying the activities within human peripheral blood lymphocytes

(PBL) that are targetable with heteroconjugates, and studies on ways of

generating increased activities for potential therapeutic purposes. Studies

carried out during the past year have shown that targeted cytotoxic cells in

human PBL fall into two major categories; low and high buoyant density cells
that can be separated on discontinuous Percoll density gradients. The low

buoyant density fraction contained all of the targetable T cell (cytotoxicity
dependent upon anti-CD3 containing heteroconjugates) and K cells (cytotoxicity
dependent upon anti-Fc RIII containing heteroconjugates) activities in fresh
PBL. Both types of low density cells require IL-2 for maintenance of cytotoxic
activity and mediate MHC unrestricted lysis. All of the cytotoxic activity in

the low density T and K cells resides in the CD56 (NKHl)"*" subset. CD57 (HNKl)

divides the CDSS"*" cells, with targetable T and K cell activity residing in both
CDSV"*" and CD57" cells. Our studies have shown that the cells in fresh PBL
mediating targeted T cell cytotoxicity are 0056"^, CD3''', and CDS"^; this subset
typically represents about 2% of PBL. Fresh PBL, or PBL incubated for short
periods with rIL-2 are reasonably potent effector cells in the presence of anti-
CD3 containing heteroconjugates. The 2% of cells responsible for this activity
must therefore be very potent mediators of cytotoxicity.

The high buoyant density lymphocytes obtained from Percoll gradients, have no
targetable activity, but are able to generate over several days, targeted T cell
activity in the presence of a T cell receptor crosslinking signal (immobilized
anti-CD3, lectin, or 0KT3 in the presence of monocytes) plus lymphokines . The
activated high buoyant density effector T cells differ from the low density
cells in that they do not express CD56 or CD57. Moreover, both 004"*" and CDS"*"

activated high density T cells are able to mediate targeted lysis, whereas only
CDS low density cells T cells mediate lysis. In addition, low density cells
mediate MHC unrestricted lysis in the absence of antibody, whereas the activated
high density cells do not. These data suggest that there two distinct classes
of cytotoxic T cell and one class of K cell in human peripheral blood. All
three of these activities should be taken into account when designing in vivo
therapeutic uses for targeted cytotoxic cells (see below)

.

Targeted Tumor Neutralization

Our first in vivo studies employed classic Winn- type tumor neutralization
assays, using the LS174T human colon adenocarcinoma line, which forms tumors
when injected subcutaneous ly in nude mice. In these studies targeted T and K
cells were both able to prevent the establishment and growth of the tumors at
low effector : target ratios (eg at 1:1 or less). Because all of the targeted T
cell cytotoxicity as measured in a Cr-release assay resided in the CDS'*", CD4'
subset, we expected the tumor neutralizing activity to be in this subset as
well. However we found that most of the tumor neutralizing activity was in the
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004"*" subset, with some activity remaining in the CDS'*" cells. It was clear from

these studies that tumor neutralization and Cr release measured two different
activities

.

Because 004"*" PBL were unable to lyse LS174T human colon adenocarcinoma cells but
were able to block subcutaneous tumor growth in nude mice in the presence of a

hetero-conjugate containing anti-CD3 crosslinked to an anti-tumor antibody
(anti-CD3 x anti-tumor), we devised an in vitro tumor growth inhibition assay in

order to better reflect the in vivo situation. Experiment were done in which
LS174T cells were incubated for various times with PBL in the presence or

absence of antibody hetero-conjugates . In the absence of PBL or in the presence
of PBL without heteroconjugate , the tumor cells grew progressively, reaching a

plateau at about day 9. In the presence of PBL plus anti-CD3 x anti-tumor, the

tumor growth was markedly inhibited, while tumor growth was slightly delayed by
the PBL from this donor in the presence of anti-CD16 x anti- tumor. The anti-

tumor effect was dependent upon effector : target ratios, typically titrating out

at a PBL: tumor ratio between 3:1 and 10:1. Tumor growth inhibition was also
dependent upon the presence of crosslinked antibody. In the presence of PBL,

either antibody alone, or an uncrosslinked mixture of the two antibodies used to

make a heteroconjugate did not result in the blockage of tumor growth.

Next we tested whether CDS depleted PBL could mediate lysis and tumor growth
inhibition. We found that depletion of the CDS'*" cells removed most of the

targeted cytotoxic activity but not the ability to block tumor growth. Because
we had found that all targetable cytotoxic activity was in a low buoyant density
fraction of PBL, we separated high and low density PBL on a Percoll density
gradient and tested them for the ability to mediate lysis and tumor growth
inhibition. As expected from our previous results, essentially all of the
cytotoxic activity of targeted T and K cells, in addition to the NK like
activity in the absence of antibody was mediated by the low buoyant density
cells. By contrast, the high and low density cells were equally active in
blocking tumor growth in the presence of anti-CD3 x anti -tumor. The low, but
not the high density cells were able to block tumor growth in the presence of
anti-CD16 x anti- tumor. The high density cells contain very few if any GDIS'*"

cells, so it is not surprising that the anti-CD16 containing heteroconjugate did
not induce these cells to block tumor growth.

Given that the high buoyant density T cells could block tumor growth but would
not mediate lysis in the presence of anti-CD3 x anti-tumor, we asked whether the
same relation would hold in a Winn type tumor neutralization assay. Nude mice
were given subcutaneous injections of LS174T cells in the presence of low or
high buoyant density PBL, with or without anti-CD3 x anti -tumor. We found that
the high density cells were able to mediate tumor neutralization in this assay,
in a heteroconjugate -dependent fashion. The low density fraction was even more
efficient at blocking tumor growth in a Winn type assay. Thus, our experiments
clearly show that cells that do not mediate lysis in a Cr release assay are
competent to block tumor growth in vitro and in vivo.

It has been established in several systems that bystander cells are not lysed in
4 hr Gr release assays of targeted cytotoxicity. Our experiments show that in
this regard, tumor growth inhibition is fundamentally different from
cytotoxicity. We performed experiments in which PBL were incubated with tumor
cells in the presence of either anti-CD3 (Fab) x anti-tumor (Fab), or anti-CD3
(Fab) X anti-K (Fab) . As expected, tumor growth was inhibited when anti-CD3
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(Fab) X anti-tumor (Fab) was added, but was unaffected by anti-CD3 (Fab) x anti-

K (Fab), since the tumor used in these studies did not express K . However,

the addition of C3H (H-2^) thymocytes to cultures containing PBL, tumor cells,

and anti-CD3 (Fab) x anti-K (Fab) resulted in the inhibition of growth of the

bystander tumor cells.

We next tested whether targeted T cells could block the growth of bystander
cells in vivo, in Winn type tumor neutralization assays. We found that in the

presence of anti-CD3 (Fab) x anti-K*^ (Fab) , the growth of tumor cells was

blocked when H-2 , but not H-2 spleen cells were injected with tumor cells,

PBL, and heteroconjugate subcutaneous ly into immunocompromised mice. Our
experiments therefore showed that targeted human T cells can block the growth of

bystander tumor cells in vivo.

Because tumor growth inhibition did not require a directly linkage between PBL

and tumor cells, experiments were done to determine whether anti-CD3 alone would
induce PBL to block tumor growth. Several monoclonal antibodies against cell

surface components on PBL were adsorbed to the bottoms of plastic tissue culture
flasks, and PBL and LS174T tumor cells were added. Anti-CD3 x Anti- tumor was

used as a control. We found that adsorbed anti-CD3 was as effective at blocking
tumor growth as the heteroconjugate. Adsorbed anti-CD4, CDS, or CD16 were
unable to reproducibly elicit a strong anti- tumor response. When anti-CD3 was

added in solution to tumor cells plus PBL, tumor growth was not inhibited unless
monocytes were present, and anti-CD3 F(ab) did not induce inhibition of tumor
growth in the presence of monocytes. This suggests that the tumor growth
inhibitory activity is elicited from peripheral blood T cells when TcR are

crosslinked, either through heteroconjugate plus target cells, anti-CD3 adsorbed
to plastic, or anti-CD3 crosslinked by Fc R on monocytes.

The simplest explanation for the observed bystander effects is that TcR
crosslinking induces peripheral T cells to secrete factors that block tumor
growth. In order to test this hypothesis, PBL were cultured in flasks coated
with either anti-CD3 or with no antibody. At various times, supernatants were
removed, centrifuged and tested for the ability to block LS174T growth. These
experiments showed that supernatants of PBL grown on CD3- coated flasks were able
to block tumor growth at greater than 54 fold dilutions, whereas supernatants
from cells grown in the absence of antibody exhibited a very week anti -tumor
effect. The maximum amount of growth inhibition factor was obtained at day 3 of
incubation, the activity decreasing thereafter, suggesting that the factor is

not stable in culture. We have observed large donor variabilities in the amount
of factor secreted. The factor was produced by both low and high buoyant
density cells. Low density cells usually produced greater amounts of the factor
than the high density cells, and often produced significant amounts in the

absence of receptor crosslinking. We have tested the factor against a number of
tumor lines for the ability to block growth. In addition to LS174T, the growth
of 0VCAR3 (human ovarian carcinoma) , B16 (murine melanoma) , and K562 (human
myelogenous leukemia) was blocked by the factor. RBL5 (murine leukemia) and F2B
(human leukemia) were refractory to inhibition by the supernatants.

Targeted Cytotoxicity: in vivo studies

We have established a system to test whether targeted cytotoxic cells could
eradicate an established tumor. In these studies we have treated
intraperitoneal growth of the human ovarian adenocarcinoma line, 0VCAR3 , with

403



ZOl CB 09254-15 E

intraperitoneal injections of targeted PBL. We chose this system because both
the tumor and the treatment are confined to the peritoneum, thereby minimizing
problems of delivering the targeted cytotoxic cells to the tumor. Since 0VCAR3
grows ip in nude mice in much the same way that ovarian carcinoma grows in
female cancer patients, these studies could form the basis for initiating
clinical trials, using targeted PBL to treat ovarian cancer. Nude mice are
given tumor cells (5x10 - 1x10 per mouse) on day and are treated with four
doses of PBL alone or PBL plus heteroconjugate on days 5 and 6, 10 cells per
dose at 12 hr intervals. They are then sacrificed on day 15 and tested for
tumor growth by ip lavage. Positive mice give a large tumor cell pellet upon
centrifuga-tion of the peritoneal wash, while negative mice have no detectable
tumor cells.

Since last year, we have obtained statistically large samples that clearly show
that PBL, incubated overnight with IL-2, can, in the presence of some
heterocrosslinked antibodies, cause established tumor to disappear. The results
are statistically significant to P values less than 10'

, and we have shown that
three different anti-tumor antibodies linked to anti-CD3 will mediate this
effect. More recently we have been testing PBL that have been activated by
immobilized anti-CD3 and IL-2, in this assay. This treatment produces large
amounts of cytotoxic activity from the high buoyant density fraction, and early
results suggest that this treatment is even more effective at eradicating tumor
growth than using cells that are only briefly stimulated with IL-2.

Targeted Antigen Presentation

T helper cells recognize antigen in a degraded form, bound to MHC class II
molecules on the surfaces of APC. Non-specific APC take up antigen by fluid
phase pinocytosis, a relatively inefficient process requiring high antigen
concentrations. The pinocytosed antigen is then degraded and returned to the
surface in association with class II molecules. We have shown that non-specific
APC can be rendered specific by targeting antigen to their surfaces with
heterocrosslinked antibodies. Thus heteroconjugate-coated APC can present
antigen to T cells at concentrations which would normally be too low to elicit a
response. The presentation of antigen to T cells can lead to the expansion and
activation of antigen- specific T-helper clones, which in turn are essential for
the generation of cellular and humoral responses against that antigen.

We used heteroconjugated antibodies to bind hen egg lysozyme (HEL) to various
structures on the surface of normal splenic B cells, to determine which
structures would provide the best targets for enhanced presentation. We found
that HEL was presented efficiently to hybridoma T cells if bound to sIgD, sIgM,
or class I or II MHC molecules, but not at all if bound to FC7RII, or B220
molecules on B cells. The efficiency of presentation of HEL was measured as a
function of the amount of '-^^I-HEL bound per cell. HEL was presented with 5-10
times greater efficiency when bound to sig, than when bound to MHC molecules.
When compared on the basis of the amount of HEL bound, sIgD and sIgM functioned
equally as target structures, as did class I and class II MHC molecules. Large
amounts of HEL bound to B220, but no presentation resulted, indicating that
focusing HEL to the APC surface was not sufficient for presentation to occur.
HEL was internalized rapidly and in large amounts when bound to sIgD or sIgM,
but slowly and in small amounts, when bound to class I or class II MHC
molecules. Thus, a rapid rate of internalization may in part explain the high
efficiency of antigen presentation after binding to sIg. However, the small
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amount of HEL internalized via MHC molecules was utilized efficiently for
presentation. These results indicate that sIgM and sIgD serve equally on normal
B cells to focus and internalize antigen and enhance antigen presentation, but
that class I or class II MHC molecules can also be used to internalize antigen
and enhance antigen presentation, perhaps by a separate intracellular processing
pathway

.

We have also studied in detail, the internalization, processing and presentation
of HEL bound to surface IgD or MHC-encoded molecules on normal murine B cells,
using bispecific heteroconjugate antibodies. We found that nearly all HEL bound
to IgD was internalized rapidly, and was stored for up to 20 hours, with at
least a portion in chloroquine-sensitive, low pH compartment (s) at all times.
Degradation and presentation of HEL to hybridoma T cells began several hours
after internalization via IgD, but intact HEL was still present in the cells by
20 hours of culture. In contrast, very little HEL was internalized and stored,
if bound to class I or class II MHC molecules, and both presentation and
degradation of HEL was slower than with HEL bound to IgD. However, the small
amount of HEL internalized via surface MHC, was efficiently processing and
presented. These experiments show that internalization of antigen through its
natural route (ie through sIgD) on B cells is followed by the storage and slow
release of processed antigen to the B cell surface. By contrast,
internalization through MHC molecules is slow, and is not followed by storage of
antigen. Antigen internalized through MHC molecules appears in a form
recognizable by T helper cells, shortly after internalization.

Finally, we have been doing experiments to show that antigen targeted to APC in
vivo would be more immunogenic than untargeted antigen. Since the antibody
response of mice to HEL is T cell dependent, we immunized mice with HEL and
bispecific crosslinked antibodies, in an attempt to target HEL to various APC in
vivo and enhance the HEL-specific IgG antibody response. The amount of HEL
required for an antibody response in mice was reduced 10-^-10 fold (to nanogram
amounts) using crosslinked antibody specific for class II MHC molecules. HEL
mixed with the crosslinked antibody was as immunogenic as HEL emulsified in
incomplete Freund's adjuvant. Crosslinked antibodies specific for class I MHC,
or for FC7RII also targeted HEL efficiently, but crosslinked antibodies specific
for IgD did not.

Proposed Course of Project

1. Ovarian cancer project.

Our current goal is to optimize conditions for eradicating ip ovarian tumor in
nude mice. There are several aspects of this problem which we will investigate.
(1) We will test heteroconjugates containing several different anti- tumor
antibodies to find those which work best. (2) We will try to find better ways
of activating PEL in order to get increased anti -tumor activities from all
donors. (3) We will compare anti-tumor activities of targeted T cells with
those of the K cells in the ovarian model, and then test whether monocytes or
neutrophils, targeted with either anti-Fc RI or II might also be able to
eradicate established tumors. (4) We will vary the treatment schedules, with a
special interest in determining how long treatment can be delayed without loss
of anti-tumor activity. (5) We will follow survival and tumor growth in long
term experiments.
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The ultimate goal of these studies is to aid in the development of clinical

protocols in which ovarian cancer patients will be treated with autologous

targeted PBL, monocytes or neutrophils. Toward this end, we are collaborating

with Dr. David McKean and coworkers at the Mayo Clinic, who are testing our

heteroconjugates against fresh tumor cells from ovarian cancer patients.

In addition, we are comparing heteroconjugates with hybrid-hybridoma antibodies,

and with hetero-F(ab' )2 antibodies, all obtained from a group in the Netherlands

that intends, along with others in Italy and in Switzerland, to begin phase I

studies for treating ovarian cancer with targeted T cells. Our studies will

impact on the design of their protocols.

2. Targeted antigen presentation.

Because a single coat of targeted antigen is efficiently presented to T helper
cells , we are hoping that we will be able to follow the course of the antigen
within the APC without extraneous noise from irrelevant antigen. In particular,

we have established a collaboration with electron microscopists , Drs . Leo Ginsel
and Carolina Jost, of the University of Leiden, who have considerable experience
following the intracellular trafficking of FC7R. We have several mAb to

different sites on HEL, and we are planning to label targeted antigen at various
stages of internalization with gold-antibody conjugates, using different anti-

HEL antibodies in the hetero and gold conjugates. Preliminary studies have
shown that we are able to follow the internalization of antigen, and our current
plans are for Dr. Jost to join our laboratory in the middle of next year, and to

carry on an extensive electron microscopic study of the internalization and
processing of targeted antigen.

We are continuing with our in vivo studies of antigen presentation. Experiments
will be done to maximize the enhancement of presentation by heteroconjugates.
We are currently initiating studies in which tumor antigens are targeted to

APC.
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The Experimental Immunology Branch flow cytometry laboratory currently
supports over 80 individual research projects for more than 55 investigators.
These investigations involve quantitative single cell analysis of parameters
associated with cell types freshly prepared from different species/tissues, as

well as spectrum of in vitro cultured cells. Basic research support is

provided to members of the EIB and the Immunology Branch, as well as to other
members of DCBD. Currently supported projects include a broad range of
applications in the areas of cellular immunology, immunochemistry

,

transplantation biology, clinical immunology, immunogenetics , tumor
immunology, and molecular immunology. These include, but are not limited to,

the following studies: a) in vivo and in vitro analyses of intra-cellular
signalling via T cell surface molecules, b) characterization of T cells from
animals with genetic or induced immune dysfunction; c) studies of the
pathogenesis of graft-versus-host disease; d) analyses of the correlations
between T cell memory and the quantitative expression of cell surface adhesion
molecules; e) investigations of T cell ontogeny and differentiation; f)

studies of mechanisms of T cell repertoire generation; g) analyses of
transplantation antigens and of gene regulation of expression of these
antigens; h) investigations involving mechanisms and manipulations of antigen-
presentation processes; and i) analyses of the mechanisms involved in marrow
graft rejection versus acceptance.
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Project Description

Major Findings:

The EIB flow cytometry laboratory operates and maintains a dual- laser flow

cytometer and associated ADP equipment, maintains and provides training for

three user-operated single beam flow cytometers, maintains a reagent bank which
supplies reagents to members of the EIB and the IB, and provides consultation in

flow cytometry techniques, protocol design, reagent selection, and data
analysis. This report summarizes findings only in selected project areas which
required use of the dual-beam flow cytometer, and emphasizes those aspects most
heavily supported by the use of flow cytometry analysis.

Dr. A. Singer and colleagues utilized flow cytometry analysis in a series of

investigations involving in vivo and in vitro analyses of intra-cellular
signalling via murine T cell accessory molecules. In one of these studies,

anti-CD4 monoclonal antibody was injected in vivo to study the effects upon
developing T cells of CD4 engagement. It was found that this treatment not only
resulted in decreased cell surface expression of CD4, but also affected the

expression of cell surface T cell receptor. Further, the cellular response to

CD4 engagement, as measured by T cell receptor expression, was found to be

dependent upon the maturational stage of the T cells analyzed. Specifically,
while CD4 engagement produced decreased receptor expression on mature T cells,

immature T cells responded with increased cell surface expression of T cell
receptor. These results suggest that CD4 engagement may play an important role
in T cell maturation, and have implications for our understanding of the

mechanisms by which accessory molecules contribute to T cell maturation and
activation. Another series of studies by Dr. A. Singer and colleagues have
utilized flow cytometry analysis in investigations of the role of T cell
receptor expression in early T cell differentiation and development. In one of
these studies, they have analyzed thymocytes from C.B-17/scid mice which are
unable to productively rearrange antigen receptor genes and thus generally fail
to express T cell receptor. It was found that SCID (severe -combined
immunodeficiency disease) thymocytes do not express T cell receptor, CD4 or CDS
and phenotypically resemble a specific normal thymocyte subpopulation which is

enriched during embryogenesis , and which is known to contain precursors for
mature thymocytes. It was further found that in those occasional thymic which
contained small numbers of T cell receptor positive cells, there were also found
cells expressing CD4 and/or CDS accessory molecules. However, T cell receptor
and accessory molecules were generally expressed on separate cells within the
same thjrmus. These results suggest that SCID thymocytes, while arrested at an
early stage of T cell development, can differentiate further when T cell
receptor positive cells are present and that CD4"CD8' , T cell receptor positive
cells, known to occur early in thymus ontogeny, may play an important role in
subsequent T cell development.

Dr. Shaw and colleagues have utilized flow cytometry in extending their
characterization of cell surface molecules which are differentially regulated on
human T cells. Initial investigations had demonstrated that functionally
distinct T cell subsets express quantitatively distinct surface levels of
several biologically important molecules. Recent studies have focussed on the
CD4 positive T cell subset, and involve a systematic analysis of quantitative
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surface levels of, and correlations between, more than 200 monoclonal antibodies
which react with cell surface products. The results have demonstrated that
unexpectedly high numbers of surface antigens are coordinately up -regulated or

down- regulated as T cells differentiate between "virgin" (not previously
stimulated) , and "memory" (previously activated) states of maturation. In

addition, the analyses have revealed previously undetected, phenotypically
distinct, 004"*" T cell subsets. These data suggest that phenotypic analysis will
allow characterization of additional functionally-distinct CD4 T cell subsets.

Dr. Segal and colleagues have received flow cytometry support in a series of
investigations aimed at developing re-targeting methods of enhancing immune
responses. In one of these studies, quantitative flow cytometry analysis has
been used to investigate the mechanisms by which antigens are bound,

internalized, stored, and presented when introduced to antigen-presenting cells
with cross -linked bi- functional antibodies. HEL has been introduced into normal
murine B cells using anti-HEL antibody chemically-conjugated to antibodies to B

cell surface molecules. It has been found that HEL delivered in this manner to

surface IgD (using anti-HEL: anti-IgD conjugates) is rapidly and almost
completely internalized, followed by storage in low pH, chloroquine sensitive,
compartments for up to 20 hours. In contrast, HEL delivered via cell surface
MHC molecules (using anti-HEL: anti-Class I or anti-HEL: anti-Class II conjugates)
is internalized slowly and does not appear in low pH compartments. However, HEL
delivered via MHC molecules is rapidly presented on the surface of B cells in a

form which can be recognized by T cells. These results demonstrate that the

mechanisms by which B cells process and present antigen are fundamentally
different depending upon the route of entry into the cell, and suggest that this
process may be manipulated in order to enhance the immune response.

Dr. D. Singer and colleagues have utilized flow cytometry analysis in their
investigations of regulation of Class I gene expression. Quantitative flow
cytometry has been used to study upregulation of cell surface Class I

expression following in vitro or in vivo treatment with ethanol or with a,^-
interferon, and to compare the cell surface expression of endogenous versus
transgenic Class I molecules in mice bearing a porcine Class I gene. In one of
these studies, cell surface expression of PDl (transgenic porcine Class I) was
compared with that of endogenous murine Class I antigens after in vivo treatment
with a, ;S- interferon. It was found that interferon treatment increased cell
surface expression of the endogenous classical transplantation antigen, H-2K,
but did not affect cell surface expression of Qa-2, a Class I antigen whose
expression is limited to hematopoietic cells. Cell surface expression of the
transgene product in these interferon treated animals increased in a manner
parallel to the endogenous transplantation antigens. These studies demonstrate
that Class I gene regulation is precisely controlled in relation to function,
even when the gene is expressed in another species.

Dr. Shearer and colleagues utilized flow cytometry analysis in their studies
which analyze the pathogenesis of events associated with graft-versus -host (GVH)
disease, as well as for investigations of the effects of Cyclosporin A (CSA) on
T lymphocyte regulation and development. In one of these studies it was found
that when irradiated, syngeneic bone marrow transplanted mice were continuously
treated with CSA, the intra-thymic development of CD4'''8" and CD4'8''" (single
positive) T cells was completely abrogated. This maturational arrest resulted
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in the complete absence of mature T cells in the peripheral lymphoid organs of

these mice. In contrast, CSA had no detectable effect upon B cell differen-

tiation and did not affect the intra- thymic development of T cell receptor

bearing CD4"8" (double negative) or CD4''"8''" (double positive) T cells. The

effects of CSA treatment were also investigated in normal adult animals. It was

found that single positive mature T cells (CD4"'"8' and CD4"8''") disappeared from

thymuses of these mice during CSA treatment and reappeared within 2 weeks of

termination of CSA treatment. When previously CSA treated animals were

irradiated and reconstituted with syngeneic bone marrow, the reconstituted
immune system was found to exhibit a striking defect which resulted in the

absence of CD4"'" T helper function. These functionally deficient mice, however,

contained normal niombers of T cell receptor positive, CD4''" T cells. This defect

could be reversed by transplantation of a normal (non-CSA treated) thymus,

demonstrating that CSA had damaged a component of the thymic micro -environment

which is specifically required for development of the functional capacity of

CD4"'" T cells. These studies not only have important clinical implications for T

cell development in transplant patients, but also provide a unique model for

investigating mechanisms of T cell development within the thymus.

Dr. Sachs (IB) and colleagues have used flow cytometry analysis to pheno-

typically characterize and kinetically monitor T cell subset reconstitution in a

large series of studies of allogeneic and zenogeneic bone marrow tranplan-

tation in irradiated mice and pigs. These investigations employ two general
models for bone marrow transplantation; a) lethal irradiation and mixtures of

allogeneic (or zenogeneic) marrow containing T cells and syngeneic T-cell-

depleted marrow, and b) allogeneic (or zenogeneic) bone marrow only following a

preparative regimen employing anti-T cell monoclonal antibody treatment and
sublethal irradiation. In one of the murine studies it was found that stable,

fully allogeneic, chimerism and specific tolerance, without graft-versus-host
disease, could be achieved by pre- treatment of the host animal with a

combination of anti-CD4 and anti-CD8 monoclonal antibodies followed by 300 rads
(sub-lethal) whole body irradiation plus 700 rads thjrmus irradiation. Pre-

conditioning host animals with anti-Thyl monoclonal antibody was not sufficient
to produce allogeneic chimerism with this protocol. However, equivalent in vivo
T cell depletion (phenotypically and functionally) resulted from in vivo
treatment with either anti-Thyl antibody or with a combination of anti-CD4 and
anti-CD8 antibodies. It was also found that equivalent results (chimerism and
tolerance) were achieved whether or not the fully allogeneic bone marrow was
depleted of mature T cells prior to injection. These results demonstrate that

the use of in vivo monoclonal antibody treatment in transplantation models
provides an important tool for investigating mechanisms of alloengraftment , and
suggest that it may be possible to develop clinical models for bone marrow
transplantation that will achieve alloengraftment in the absence of graft-
versus-host disease or radiation- induced toxicity.

Dr. Bluestone (Univ. of Chicago) and colleagues have received flow cytometry
support for a variety of investigations involving phenotypic analysis of normal
murine T cell subsets and for phenotypic analysis of the effects upon T cells of

in vivo and in vitro treatment with anti-CD3 monoclonal antibody. In one of
these studies, the cell surface phenotype of peripheral murine CD4',CD8", TCR75"'"

T cells was extensively characterized using three-color fluorescence analysis.
It was found that these cells exhibited a phenotype characteristic of normal
mature TcRa^'^ T cells in that they were Thyl"*", CDS'*", CDS"*", IL-2R" , HSA' , B220'

.
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Like TcRayS'*' T cells, a significant percentage (70%) of the TCR75"'" T cells
expressed the putative memory cell marker Pgpl, suggesting prior responsiveness
to antigen exposure in vivo. These analyses, combined with functional,
biochemical and molecular studies, suggest that CD4' , CDS" ,TcR75"^ T cells
represent a distinct T cell lineage with in vivo function.

S. Sharrow and colleagues have utilized flow cytometry analysis for
investigations of Class I antigen expression and epitopes, and for studies of
murine T cell differentiation using phenotypic analysis of normal thymocyte
subsets and of developing T cells in fetal thymus organ culture. In one of
these studies, a new panel of monoclonal antibodies with specificity for the

murine Class I-like product Qa-2 was developed. These reagents were used to

characterize antigenic determinants on the products of transfected Q genes and
to define epitope clusters on the Qa-2 molecule using competitive inhibition
analyses. It was found that epitope clusters of the Qa-2 could be divided into

three major groups which could be assigned to the 3 protein domains of Class I

antigens. It was further found that those anti-Qa-2 reagents with cross

-

reactivity on other Class I antigens all reacted with an epitope cluster on the

first (N) protein domain of Class I, and that previously described anti-Qa-2
specific reagents all reacted with the third (C2) Class I domain. The new panel
of reagents also contained antibodies which reacted with an epitope cluster
present on the second (CI) Class I domain. In another study, the effects of
anti-CD3 treatment upon T cell development in murine fetal thymus organ culture
were investigated by phenotypic and biochemical analyses. It was found that
anti-CD3 did not abrogate development of CD3+, CD4" ,CD8' T cells or of CD4"'',CD8"'"

T cells. In contrast, CD4"*',CD8" T cells could not develop in these anti-CD3
treated cultures. T cells developing in these cultures expressed predominantly
75 T cell receptors and were errantly enriched for CD3' ,CD4'CD8"*' T cells when
compared with control cultures. These data suggest that: a) anti-CD3 has
different effects upon 75 versus ap TcR expressing T cells; b) normal T cell
receptor engagement is not required for expression of CD4 and CDS on double
positive T cells, and c) CD3 , single positive T cells require appropriate T
cell receptor interactions for their development.

S. Sharrow, L. Barden (CSL, DCRT) and colleagues have: a) evaluated and designed
methodology and ADP hardware systems for implementing transition to state-of-
the-art flow cytometry instrumentation; b) evaluated and designed ADP hardware
capabilities for archiving up to 100 gigabytes of list mode flow cytometry data;
c) implemented installation in the EIB site of an initial version of the CAP
(Cluster Analysis Program) running on the EIB MVAXII; d) established network
connections between the development system in CSL, DCRT (Bid. 12A) and the EIB
flow cytometry laboratory (Bid. 10) which provides for movement of both software
development and data analysis between the two sites; and d) further investigated
the application of automated cluster analysis techniques to flow cytometry data.
In one of these studies, it has been found that n-plot graphical display, which
allows 2-dimensional analysis of n-parameter data, can be successfully used to
display raw single cell data. When combined with software gating techniques,
this analysis provides information not available using conventional flow
cytometry data analysis techniques. This novel approach is being implemented as
a feature of the CAP system.
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This project has been aimed at identifying and characterizing the T cell sub-
sets that initiate and effect anti-MHC responses in vitro. We have identified
and characterized 3 distinct T helper cell populations that function in vitro
to initiate anti-MHC responses, and have studied 3 distinct T killer cell
populations that function in vitro as anti-MHC effector cells. We have
characterized these cell populations with regard to their specificity, pheno-
type , activation requirements, and differentiation requirements.
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Project Description

Major Findings :

In contrast to conventional immune responses against foreign protein antigens
that involve a single population of Th cells, we have characterized 3 distinct
populations of Th cells that function to initiate anti-MHC responses in vitro,
based on their recognition of different MHC specificities expressed on the

surface of accessory (Ace) cells: a) one Th cell population recognizes class II

MHC allodeterminants, b) one Th cell population recognizes class I MHC allo-

determinants, and c) one Th cell population recognizes an antigenic complex
composed of foreign class I and self -class II MHC determinants. The two class
II restricted Th cell populations are phenotypically CD4''', whereas the class I

restricted Th cell population is phenotypically CDS"*". One common function
performed by these phenotypically distinct anti-MHC Th cell populations was the

secretion of IL-2. Furthermore, we found that IL-1 serves as a common co-

factor, together with ligand, for triggering both CD4''" and CDS"^ Th cell
populations to secrete IL-2.

To assess the limits of the limited response repertoire expressed by IL-2
secreting CD8 Th cells, we examined their ability to respond against a variety
of different antigens. We found that CDS'*" Th cells secreted IL-2 in response to

MHC class I alloantigens but failed to be activated by self class I presentation
of most nominal antigens, such as minor histocompatibility antigens, TNP, etc.

However, we found that CDS Th cells could be activated to secrete IL-2 in
response to Vaccinia virus, and that such Th cells represented a portion of the

normal Th cell pool in virus infected mice. Thus, this is the first
demonstration of conventional antigen recognition by CDS Th cells . We
interpret these observations as being consistent with the perspective that such
cells require a high ligand density for activation, and that these requirements
are generally only met by MHC alloantigens and by replicating viral antigens.

To understand the molecular requirements for MHC recognition by class I

allospecific Tk cells, we assessed the role of an exposed portion of the alpha-
helical region of a class I MHC molecule in T cell recognition. We found that a

peptide identical in sequence to amino acids 163-174 of the Kb molecule blocked
Tk cell recognition of the Kb molecule regardless of the site on the Kb molecule
that the Tk cells were directed against. The blocking of Tk cell function by
peptide Kbl63-174 occurred at the level of the T effector cell, and not at the
level of the target cell. Furthermore, we found that peptide Kbl63-174 not only
blocked target cell lysis, but also blocked conjugate formation between anti-Kb
Tk cells and Kb-bearing target cells. Taken together, these data indicate that
Kbl63-174 blocks Tk cell engagement of the Kb molecule by binding to the T
cells' clonotypic receptor, and consequently, define a docking site on the Kb
molecule utilized by most Kb-specific Tk cells.
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SUMMARY OF WORK rus-s»nd««*m™tf<x»tffvp.. Do nof.xc.«jtf«sp«»p™vi*dj Analysis of the molecular basis
of T cell recognition is currently focused on two fundamental areas: 1) identifying
and characterizing the functions of cell surface molecules which facilitate T cell
recognition ("accessory molecules "'), particularly those which mediate adhesion : and
2) characterization of heterogeneity among subsets of human peripheral blood T
cells and determining the functional capacities of the subsets defined.

ICAM-1, which we have previously characterized as a cell surface ligand for LFA-
1, has been studied following immunoaffinity purification for its functional role
not only in T cell adhesion but also as a costimulus for T cell activation . Its
capacity to facilitate CD3-receptor mediated activation, together with other
aspects of its regulation and function, suggest that it may be one of the most
important "second signals" for T cell activation. Studies of other accessory
molecules have identified CD44 as an additional member of the functionally
important class of molecules involved both in T cell adhesion and activation.
Studies of T cell/ monocyte adhesion are characterizing the molecular basis of this
immunologically important cell interaction.
Current studies confirm and extend previous analysis of T cell subsets distin-

guished by different isoforms of CD45 . which we understand to be naive and memory T
cells. Methodologic progress allows preparation of very pure subsets whose func-
tional capacities have been studied. Naive cells have markedly reduced prolifera-
tive responses to various regimens of receptor-mediated activation; however, their
capacity to respond is demonstrated by augmented response in the presence of co-

I

stimuli such as that provided by IL1/IL6 , CD28 or CD44. This suggests important
.regulatory roles for costimuli in vivo in determining responsiveness of particular
subsets. Systematic phenotypic analysis of CD4+ cells with more than 200 monoclonal
antibodies reveals unexpected heterogeneity which is being analyzed by multicolor
flow cytometry. Such integrated phenotypic and functional analysis is essential to
adequately address the functional complexities in T cell responses.
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Project Description

Major Findings :

Although antigen- specific T cell recognition is dependent on the T cell

receptor, it is evident that recognition is a complex sequence of interactions
involving a number of so-called "accessory molecules". Cell-cell adhesion is an
important part of the process, therefore molecules involved in T cell adhesion
are being actively investigated. We have previously established (AR09257-13,

AR05067-12) that there are two dominant molecular pathways of T cell adhesion
which facilitate recognition: T cell CD2 binding to LFA-3 and T cell LFA-1
binding to ICAM-1 and other as yet undefined ligands . Detailed understanding of

the role of these receptor/ligand interactions in T cell recognition has been
sought using the well-defined model system of T cell interaction with
biochemically purified ICAM-1. Emphasis in the last year has been on testing
the hypothesis that ICAM-1 functions not only as a ligand for LFA-1 -dependent
adhesion but also in providing a costimulus which facilitates T cell activation.
Our results demonstrate that T cell binding to ICAM-1 is associated with a

dramatic enhancement of receptor-mediated T cell activation. The exact details
of the enhancement depend on the model system used. T cell responses to

triggering anti-T cell receptor (CD3) monoclonal antibody (mAb) immobilized on
plastic is strongly augmented when the ICAM-1 is co- immobilized on the plastic;
this augmentation is in addition to affects mediated by IL1/IL6 and IL2 . T cell
responsiveness to activating pairs of CD2 mAb, another kind of receptor-mediated
activation, is also augmented by ICAM-1, but only in the presence of IL1/IL6

.

This data indicate that the ICAM-1 molecule facilitates T cell activation,
apparently by providing a co- stimulus which augments signal generation by the T
cell receptor. Together with other data regarding: 1) the singular
effectiveness of activated monocytes in T cell stimulation, 2) the upregulation
of ICAM-1 with monocyte activation, and 3) the role of monocyte ICAM-1 in T cell
stimulation, these data strongly suggest that ICAM-1 provides a physiologically
important "2nd signal" for T cell activation.

Given the importance of T cell interactions with monocytes, detailed analysis of
T cell binding to monocytes has been undertaken with more than 200 mAb from the
4 International Workshop on Leukocyte Differentiation Antigens. Analysis of the
results demonstrates clear classification of mAb of the CDlla/CD18 family which
are involved in mediating this adhesion. Further analysis is in progress of
other molecules potentially involved in this adhesion.

Seeking to identify additional accessory molecules by screening for monoclonal
antibodies (mAb) which inhibit T cell adhesion to erythrocytes, we have
identified a functionally unique CD44- specific mAb, NIH44-1, which partially
inhibits T cell rosetting by binding to CD44 on the erythrocyte. NIH44-1, which
immunoprecipitates a protein of 85-110 kD with broad tissue distribution, was
determined to be specific for CD44 based on comparison of its tissue
distribution with multiple CD44-specific reference mAbs and sequential
immunoprecipitation with such mAbs. Anticipating a role for many adhesion
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molecules in signal transduction, we studied the effect of CD44 mAb on T cell
activation and observed that CD44 mAb dramatically augments T cell proliferation
induced by CD3- and CD2- receptor -mediated activation. The augmentation of the

response to immobilized CD3 mAb by exhaustively monocyte-depleted T cells

indicates that augmentation can be mediated by binding to the T cell. Thus,

our studies demonstrate specific new roles for CD44 in T cell adhesion and

activation. Furthermore, we suggest that: 1) CD44 has a role in adhesion of

cells of multiple lineages; and 2) CD44 may participate in adhesion not (only)

by functioning as an adhesion receptor but rather by serving as an anchorage
site for other adhesion molecules.

Our previous studies have demonstrated that a group of functionally important
cell surface molecules are differentially expressed on subsets of human
peripheral T cell subsets which we interpret to be naive and memory cells.

(AR09257-13) . Given the potential importance of this observation, the studies
have been extended in two directions : further functional characterization of

those subsets, and exploration for other molecules differentially regulated on

peripheral blood 004"*" cells. CD4''" naive (CD45RO~) and memory (CD45RA~) cells

were rigorously purified by immunomagnetic negative selection and studied for
differences in CD3 receptor-mediated activation. Naive cells proliferate more
poorly than memory cells to anti-CD3 mAb in the presence of monocytes; this

defect is seen irrespective of the anti-CD3 mAb and donor studied, and contrasts
with comparable PHA- responsiveness of both subsets. Poorer naive cell responses
are also observed when the anti-CD3 mAb is immobilized on plastic in the absence
of monocytes; this suggests an intrinsic hyporesponsiveness of naive cells,
independent of their potentially weaker interaction with monocytes . Naive cells
also proliferated less well than memory cells to Staphylococcus Enterotoxins A
and B over a wide dose range in the presence of monocytes; such "superantigens"
are thought to mimic antigen- specific stimulation but to have the experimental
advantage of stimulating a higher frequency of T cells (due to exclusive TCR V/3

interaction) . The hyporesponsive of naive cells could be overcome by costimuli
including CD28 mAb, CD44 mAb or a combination of ILl and IL6 . The pattern of
augmentation was dependent on the particular triggering regimen. Thus, although
CD4+ naive cells are less responsive than memory cells to activation signals via
the CD3 receptor complex, strong responses can be elicited from naive cells when
appropriate costimuli are supplied. We interpret this to indicate that naive
cells are capable of antigen response, and such responses will be regulated by
the available costimuli in vivo.

Our expectation is that molecules which are differentially regulated on T cell
subsets are likely to be critical to their differentiated function. This
general tenet has been reinforced by our previous results with naive and memory
cells. Therefore, we have extended analysis by systematic studies of binding of
more than 200 mAbs to CD4-I- peripheral T cell using multicolor flow cytometry.
As a result of our methodologic improvements and systematic analysis, much more
complexity is observed than has previously been appreciated. Further analysis
is in progress in order to correlate markers with each other; this will allow us
to discern how many distinct subsets are present and which markers are co-
ordinately regulated on those subsets. Not only will this analysis provide a

starting point for studies of the molecules differentially regulated, and
for further functional analysis of heterogeneity of T cell function, but also it
will provide an important ensemble of markers with which to study clinical
diseases

.
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In order to analyze the genetic regulation of T cell responses to NASE, a series
of cloned lines were generated in BALB/c (H-2'^) as well as (H-2'^ x Vl-l^)?-^ T
cells. Individual clones were restricted to recognizing NASE in the context of
either A^^Ao or E^^Ea products. The antigen fine specificity of cloned NASE-
specific T cells was also probed through the use of mutant NASE molecules and
synthetic peptides corresponding to segments of NASE. A consistent correlation
was found between the fine specificity of a given clone and its MHC restriction
specificity. ^ a^ B restricted clones were selectively responsive to peptide 91-

110- E^E fl restricted clones were responsive to peptide 81-100.

The nature of the immunogenic peptides which are processed and presented to T
cells was further evaluated using a panel of variant NASE peptides. It was
observed that negative (inhibitory) interactions appear to occur between amino
acids in peptides which interfere with T cell responses. Single amino acid
changes, by eliminating such apparent negative interactions, result in the
restoration of T cell stimulatory ability in these peptides.
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Project Description

Manor Findings :

Monoclonal Tj^ cell populations specific for NASE have been generated in BALB/c

(n-2'^) and (BlOxBlO.A)F]^ (R-l^-xR-l^) genotypes. Of the BALB/c clones tested,

individual clones show MHC restriction for either I-A or I-E products.
Individual (BIO x B10.A)F-l clones respond to native NASE in association with
either A A o or E E o. When the fine specificity of these clones was analyzed
employing NASE fragments and a series of overlapping 20 amino acid synthetic
peptides corresponding to the NASE sequence, it was found that A ^A o restricted
clones were highly responsive to peptide 91-110; and not to other synthetic NASE
peptide. In contrast, E^E a restricted clones were consistently responsive to

peptide 81-100 and not to 91-110; certain of these E^^^E^o restricted T cells

expressed a cross reactivity with peptide 51-70. A BALB/c clone was responsive

only to peptide 61-80. No other NASE peptides have revealed antigenic activity

to date. Collectively, these findings demonstrate that NASE specific T cells are

responsive to discrete peptides. Moreover, these findings suggest that in T cell

recognition of a complex and highly foreign protein antigen, a limited number of

peptide epitopes is preferentially recognized by T cells in association with a

given la molecule.

More detailed analysis of T cell fine specificity in response to NASE peptides

was carried out using variants in which a single amino acid was altered from its

native or wild type form. This analysis revealed that clones with specificity
for the same native peptide and self MHC determinant may nonetheless vary
significantly in their fine specificity as assessed by responses to variant
peptides. It was also observed that certain E ^^E o restricted clones responded
to peptide 91-100 but not to 91-105. On the basis of this finding, it was
suggested that interactions between amino acids in the 101-105 region with amino
acids in the stimulatory 91-100 region were responsible for impaired ability to

stimulate T cells. Consistent with this hypothesis, it was found that single
amino acid changes including those in the 91-100 as well as those in the 101-105

region were capable of restoring stimulatory ability. Such changes appear to

have their effect by eliminating inhibitory interactions among amino acid
residues in the 91-105 peptide.

Proposed Course of Project :

Cloned T cell populations and synthetic peptides will be employed to further
analyze the mechanism for antigen fine specificity and MHC restriction. Variant
peptides will be analyzed to more definitively identify antigenic sites on
peptides antigens.

The influence of non-MHC genes on anti-NASE responses will be studied. As noted
in project ZOl CB 05106-07, expression of non-MHC Mis determinants can result in

deletion of expression of certain V/3 genes. The influence of non-MHC genes,
including Mls^ and Mls^, will therefore be studied in T cell responses to NASE.
Both the peptide fine specificity of these responses and the patterns of T cell
receptor Va and V^ expression will be used to monitor the expressed repertoire by
both functional and structural criteria.

Publications

:

None
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SUMMARY OF WORK (Use starxiarti unreijucarj typa. Do not axcaad the space provtOeft)

Inoculation of parental T cells into F-^ mice, which induces a graft-versus-host
(GVH) reaction, can result in different immune abnormalities, depending on the
donor and host strains used. Injection of C57BL/6 cells into B6D2Fi mice resulte<l
in extensive immune suppression, hypogammaglobulinema, and susceptibility to
infection. Injection of DBA/2 cells into B6D2F-]_ mice resulted in selective
suppression of L3T4''' T helper cell function, hypergammaglobulinema, and
autoantibody production with SLE-like symptoms. The differences in these two
forms of SLE were attributed to a defect in DBA/2 anti-F]_ CTL precursor frequency
Female mice undergoing GVH induced SLE appear to have more severe disease than
male mice.

The parent- into -F-]_ GVH reaction also results in severe defects in bone marrow sten
cell function. Thus, both the levels of IL-3 and CSF were reduced in GVH mice.

Furthermore, the parent- into -F;]_ GVH can result in a defect in self -restricted,
CD4-mediated T helper cell function, but not in CD8-mediated T helper effector
function. This defect is the result of a GVH- induced defect in the thymus.
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Project Description

Major Findings :

F^^ hybrid mice on the C57BL/10 genetic background injected intravenously with

viable parental spleen cells lost their ability to respond by in vitro generated

cytotoxic reactions to TNP-self and alloantigens . The induction of immune

deficiency requires the recognition by parental T cells of allogeneic class II

MHC determinants expressed by the F^^. GVH induced by parent anti-host class II

only results in loss of self + X responses, but not in loss of allogeneic

responses, and is associated with a selective loss of CD4 T helper cell func-

tion and of CDA"*" T cells. In contrast, class I + II -induced GVH resulted in

loss of self + X and allogeneic responses, and was associated with a loss of

CD4''" and Lyt2"'" T helper cell function. The induction of class II only GVH

required activation of only 004"*" parental cells, whereas induction of class I +

II GVH required activation of both CD4''" and CDS'*" cells.

Several parallels have been established between AIDS and GVH- associated immuno-

suppression in our mouse model, which makes it an interesting model for studying

induced immune deficiency. The most striking parallel observed is that both in

class II GVH and in the early stages of AIDS, self + X responses are lost

whereas MHC allogeneic responses remain intact. Furthermore, the developmental
stages of AIDS and class II GVH result in a loss of CD4"*' T helper cells. It is

also noteworthy that susceptibility to certain pathogens in both AIDS and in

class II GVH requires not only the loss of the "T4-H" helper cell population, but
also "T4"" T helper cells. This implies that the "T4"" helpers are relevant for

immune responses to antigens other than MHC alloantigens -- and to pathogenic
agents in particular. Another parallel between AIDS development and class II

GVH is the polyclonal activation of B cells and autoantibody production. Thus,

it may be that the very early immune signals that occur after HIV infection are

similar to the immunostimulatory model of GVH, as well as those observed in

autoimmune mouse strains.

We have also observed that certain class I + II GVH situations result in

functional defects that resemble class II GVH only, i.e., in a selective loss of

self + X, but retention of alloreactivity . These examples of GVH appear to be
auto -immune- like , and result in the production of anti-DNA antibodies and a

lupus -like syndrome. The example that we have studied is DBA/2 into B6D2F-[_

(compared with C57BL/5 into B6D2F]^) . The B6 GVH model results in hypogamma-
globulinema, profound immune deficiency that is not circumvented by IL 2 in
vitro, suppressor cell activity that affects both CD4 and CDS cell function,

and susceptibility to immune cytomegalovirus infection. In contrast, the DBA/2
GVH model results in hypergammaglobulinema, anti-DNA antibodies, a deficiency
and suppressor cell activity that is limited to CD4 T helper cell function and
that is circumvented in vitro by IL 2, and resistance to cytomegalovirus infec-

tion. B10.D2 spleen cells into B6D2F2^ resembles the B6 GVH model indicating the

different forms of GVHID and not H-2 linked. Studies with (BxD) R. I. lines
indicate that the difference is due to more than one non H-2 linked gene. The
functional difference between DBA and B6 that we consider to be responsible for

the two different forms of GVHID is that DBA/2 spleens contain 9 -fold fewer
anti-Fi CTL precursors than to B6 spleens. Furthermore, the DBA GVH could be
converted to the B6 GVH by increasing the inoculum size, and the B6 GVH could
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be converted to the DBA GVH by depletion of B6 CDS"*" cells. These findings
suggest that this model of lupus is due to a deficiency in CDS effector cells
that would normally remove the source of antigenic stimulation and XL 2

production. Thus, a fundamental defect in SLE patients could be deficient
effector function for the relevant antigen which leads to continuous and
unopposed antigenic stimulation. In this autoimmune model of GVH, female mice
appear to get more severe disease than male mice, which is consistent with the
observation that SLE is 9 -times more prevalent in women than in men.

Stem cell function in GVH mice is reduced by at least 10-fold, and the stem cell
repopulation that does occur does not result in the development of functional T
lymphocytes. Furthermore, GVH can result in depressed production of XL 3 and
GM-CSF, which are important cytokines for hematopoiests . The ability of the
thymus of GVH mice to induce stem cells to mature into CD4"'' T helper cells in
abrogated, but the ability of the thymus of the same GVH mice to induce
differentiation of allospecific T helper cells remains intact. This defect
appears to involve that component of the thymus that is responsible for MHC
self -restriction and the discrimination between self and non-self.

Publications :

Fukuzawa M, Shearer GM. Effect of graft-versus-host reaction on thymic function.
Immunol. Res. 1988;7:239-246.

Via CS, Shearer GM. Murine graft-versus-host disease as a model for the
development of autoimmunity: relevance of cytotoxic T lymphocytes. N.Y. Acad.
Sci. 1988;532:44-50.

Fukuzawa M, Shearer GM. Selective L3T4"'" T helper defect for the generation of
cytotoxic effector cells in graft-versus-host, bone marrow reconstituted mice.
N.Y. Acad. Sci.

Hakim FT, Shearer GM. Immunological and hematopoietic deficiencies of graft
versus host disease. In J.L.M. Ferrara, and S.J. Burakoff (Eds.): Graft Versus
Host Disease 1989, Marcel -Dekker: New York, in press.

Fukuzawa, M, Shearer GM. Defective thymic education of L3T4"'" T helper cell
function in graft-versus-host mice. J. Immunol. 1988;141:430-439.
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SUMMARY OF WORK (Urn standard unreducad type. Do not axcaad tfia spacm providad.)

Injection of F-^ hybrid mice with either murine cytomegalovirus (MCMV) or parental
spleen cells (graft-versus-host reaction - GA7HR) results in rapid and severe
immunosuppression. Inoculation of either the virus or parental cells were
selected so that they would be below the threshold for severe immunosuppression.
However, when these two inocula were combined, severe immunosuppression was
observed. Furthermore, injection of F^^ mice with parental lymphocytes that
recognize only class I MHC determinants does not result in immune suppression.
However, a combination of class I recognition and MCMV infection results in
profound immune suppression. In contrast, there was no detectable synergy betwee
class II GVH and MCMV. Infection of host mice with MCMV prior to induction of GVfi

resulted in augmented immune suppression, whereas infection of donor mice with
MCMV before induction of GVH resulted in reduced immune suppression. The
combination of MCMV and GVHR also resulted in interstitial pneumonitis, whereas
either insult alone had no detectable pathogenic effect on the lungs. These
studies permit the investigation of the immunosuppression of MCMV infection and
the possibility consequences of CMV infection coupled with a GVHR. The anti-viratl
drug, DHPG, inhibited viral replication but did not prevent MCMV from synergizing
with GVH.

Lethally irradiated mice grafted with synergeneic bone marrow develop sarcomas
between 18 and 24 months after irradiation. Mice infected with MCMV two weeks
after irradiation did not develop tumors, which may suggest that immunity to MCMV
may protect mice against developing irradiation- induced sarcomas.
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Project Description

Major Findings

:

To determine whether the MCMV-GVH synergy was more pronounced when MCMV was
induced by donor leukocytes or was resident in the host at the time of GVH
induction, prospective donors of parental spleen cells were infected with MCMV
at various times prior to injection into F-^ hosts of GVHR were infected with
MCMV at different times prior to injection of parental cells. The results
indicate that MCMV infection not only reduces the number of parental spleen
cells required to induce graft-versus -host immune deficiency (GVHID) but
accelerates the onset of GVHID, which occurs as early as 3 days after cell and
virus challenge. To determine whether MCMV infection exerts this synergistic
effect of primarily through the donor or the host component, we examined the

effect of MCMV infection of either donor mice or recipient mice at 3 , 10 and 17

days prior to spleen cell transfer. When donor mice were infected with MCMV
three days prior to cell transfer, the ability of donor cells to induce GVHID
was reduced. In contrast, MCMV infection of the recipients three days prior to

cell transfer increased their susceptibility to GVHID induction. Infection of

either donor or host mice 10 days or 17 days prior to parental spleen cell
transfer has little effect on the ability to either induce or resist GVHID when
compared to sham infected mice. Thus, acute MCMV infection can modulate the

severity of GVHID, depending on whether it is the donor or the host that is

infected. The ability of acute MCMV to alter the course and severity of GVHID
may be relevant for human bone marrow transplants in which preceding CMV
infection has been associated with chronic GVH. In this setting, CMB may lower
the threshold necessary to induce a GVH reaction.

Our observations that a) MCMV infection is often associated with enhanced T
effector cell immunity to non-CMV antigens; and b) MCMV can synergize with low
doses of donor leukocytes to induce GVH disease raises the possibility that MCMV
infection can initiate a T helper signal with the production of lymphokines

.

Such a helper signal must be generated by MCMV - spec i fie , MHC self-restricted
helpers with the production of IL-2 (and other T helper factors) , which could
enhance the CDS component of T cell immunity. A class I + II GVHR results in
the loss of both CD4 and CDS T function, whereas a class II GVH results in a

selective loss of CD4 T helper function. A class I GVH that is limited to
recognition of H-2D or H-2D results in no detectable GVH, as determined by
host T cell function. We have used the differential effects of these three
types of GVH on T cell immune function to determine whether CMV infection is
providing a "class I" or "class II" type of signal in its synergistic action
with GVH, i.e., with or without CMV the class II GVH abrogated only CD4
function. In contrast, when MCMV was given in conjunction with the H-2D GVH
(which had no detectable effect alone), the combination of MCMV and H-2D class I

recognition abrogated both CD4 and CDS T cell function - characteristic of a
class I + II GVH effects of MCMV recognition by T cells in vitro may elucidate
the immune mechanisms responsible for the augmenting effects of MCMV in synergy
with GVH, and in other models of immune enhancement.
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In some experiments we have attempted to design protocols in which lethally
irradiated mice were transplanted with allogeneic bone marrow with or without T

cells and with or without CMV infection. Such experimental designs would more
closely approximate the situation encountered in human marrow transplantation.
Due to the high incidence of mortality in CMV- infected, GVH, irradiated mice,

these complex experiments have not been successful. However, the mice that
survived long-term were those that were irradiated and grafted with syngeneic
bone marrow, with or without CMV infection. Between 12 and 18 months after
irradiation and syngeneic marrow grafting, these mice began to develop sarcomas,
probably as a result of exposure to 900R of whole -body irradiation. However,
the development of the sarcomas (5/11) appeared to be limited to those mice that
received 900R, and syngeneic marrow, but not MCMV. Mice that were exposed to

MCMV, in addition to receiving irradiation and syngeneic marrow did not develop
detectable tumors (0/17) . Although these results (compilation of two experi-
ments) are incomplete and need to be redesigned and repeated, the preliminary
observations raise the possibility that exposure to MCMV has provided some
element of immune protection against the development of the sarcomas. One
possibility is that the mechanism responsible for enhanced, immune reactivity of

MCMV- infected mice noted above could contribute to the prevention or delayed
development of these radiation- induced tumors.

Publications

:

Via CS, Shanley JD, Weatherly BR, Lang P, Shearer CM. Altered threshold for the
induction of graft-versus-host immunodeficiency following murine cytomegalovirus
infection: Host and donor contributions. Transplantation 1988;
46:298-302.
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Purified CTL and NK cytoplasmic granules contain a "nuclear DNA releasing activity"
assayed by their ability to cause release of labelled DNA from detergent
solubilized nuclei. The activity was inactivated by the protease inhibitors PMSF
and aprotinin. This activity was purified from the extracts of purified CTL
granules by gel filtration and affinity chromatography on a aprotinin. The
purified preparation had a single protein band with a reduced MW of 30kd, and non-
reduced MW of 50kd, consistent with the known behavior of granzyme A. The activity
>/as bound by antibodies against granzyme A, and behaved as a monomer on gel
filtration after reduction and alkylation along with granzyme A. These results
show that granzyme A can trigger a DNA breakdown process in detergent permeabilized
ells. Purified cytolysin was found to permeabilize cells to allow granzyme A
nediated DNA breakdown, as would be required according to the granule exocytosis
nodel. The mechanism of this granzyme A induced nuclear breakdown was probed in
studies showing that washed detergent extracted nuclei (plus cytoskeleton) did not
release DNA in the presence of purified granzyme A, but did so if soluble detergent
;ell extract was added back. Pre- incubation of the nuclei with granzjnne A followed
jy addition of the soluble extract resulted in DNA release; these experiments show
-hat granzyme A digests a nuclear component, allowing the cytoplasmic fraction to
:leave DNA.
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Project Description

Major Findings :

In attempting to reconcile the granule exocytosis model for lymphocyte mediated
cytotoxicity with the phenomenon of target cell DNA breakdown, we have tested

the ability of components of granules from cytotoxic lymphocytes to breakdown
nuclear DNA. Purified CTL and NK cytoplasmic granules contain a "nuclear DNA
releasing activity" assayed by their ability to cause release of labelled DNA

from detergent solubilized nuclei. The activity was inactivated by the protease

inhibitors PMSF and aprotinin. This activity was purified from the extracts of

purified CTL granules by gel filtration and affinity chromatography on

aprotinin, while also monitoring for the BLT-esterase activity of granzyme A.

These two activities co-purified at each step. The final preparation had a

single protein band with a reduced MW of 30kd, and non-reduced MW of 50kd,

consistent with the known behavior of granzyme A. The activity was bound by
antibodies against granzyme A, and behaved as a monomer on gel filtration after

reduction and alkylation along with granzyme A. These results show that
granz3niie A can trigger a DNA breakdown process in detergent permeabilized cells.

Purified cytolysin was found to permeabilize cells to allow granzyme A mediated
DNA breakdown, as would be required according to the granule exocytosis model.

The mechanism of this granzyme A induced nuclear breakdown was probed in studies

showing that washed detergent extracted nuclei (plus cytoskeleton) did not
release DNA in the presence of purified granzyme A, but did so if soluble
detergent cell extract was added back. Pre -incubation of the nuclei with
granzyme A followed by addition of the soluble extract resulted in DNA release;
these experiments show that granzyme A digests a nuclear component, allowing the

cyotplasmic fraction to cleave DNA.

Proposed course :

The mechanism of this phenomenon is still unclear. Specifically, we would like
to ascertain the physiological substrate of granzyme A which is responsible for
its effect in allowing nuclear DNA release. In a preliminary experiment we have
labelled target cell proteins with S -methionine and incubated the detergent
insoluble fraction of these cells with granzyme A. Several proteins were found
to be degraded by the enzyme. We would like to identify these proteins, as good
protein substrates for granzyme A have not been previously described.
Similarly, the active component of the soluble cell extract which mediates DNA
breakdown is unknown. The simplest explanation consistent with the above
findings is that there is a soluble nuclease which acts on DNA after granzyme A
removes a protein bound to the DNA. This hypothesis will be tested.
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Publications :

Hunger WE, Berrebi GA and Henkart PA. Possible involvement of CTL granule
proteases in target cell DNA breakdovm. Inununol. Rev. 1988;103:99-109.

Henkart PA. Lymphocyte Cytotoxic Mechanisms. In: Immunophysiology : Role of Cells
and Cytokines in Immunity and Inflammation, edited by Oppenheim JJ and Schevach,
EM: Oxford University Press. New York, 1988 ;p 1-33.

Taplits MS, Henkart PA and Hodes RJ . T helper cell cytoplasmic granules:
Exocytosis in response to activation via the T cell receptor. J. Immunol.
1988;141:1-9.

Quinones RR, Segal DM, Henkart P, Perez P, Gress RE. Inhibition of cytotoxic T

cell lysis by anti-CD8 monoclonal antibodies: Studies with CD3-targeted
cytolysis of nominal antigen-negative targets. J. Immunol. 1989;142:2200-2206.

Hayes MP, Berrebi GA, Henkart PA. Induction of target cell DNA release by the
cytotoxic T lymphocyte granule protease granzyme A. J. Exp. Med. 1989; in press.
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SUMMARY OF WORK (Use stanrJanl unreiiucad typa. Do not exceed the apacm pmvkM.)

Our laboratory has investigated the effects of CSA on peripheral T cell immune
function, as well as on the ability of CSA- treated mice to develop functional T

cells from bone marrow stem cells. Multiple injections of different doses of CSA
had different effects on peripheral T cell function. The lower dose of CSA
selectively abrogated CD4 T helper cell function, but not CDS T helper or effecto^
function. Suppressor cells were detected that suppressed the CD4 but not CDS T
cell function of normal mice. We have recently obtained similar results by eitheir

exposing lymphocyte from healthy humans to different doses of CSA, or by testing
the lymphocyte of kidney allografted patients on CSA therapy. Mice treated with
these doses of CSA were unable to develop CD4 T helper cell function from normal
stem cells, and this defect was due to CSA- induced thymic damage. These reults
indicate that abrogation of T cell function by CSA can be selective, depending on
the dose of CSA administered. Administration of CSA to mice also prevented the
development of mature T cells in the thymus and peripheral immune tissues.
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Project Description

Major Findings :

Mice exposed to different daily doses of CSA of 30 or 75 mg/kg/day were tested
for in vitro generated splenic T cell responses to antigens that require CD4 T

helpers (TNP-self and CD4-mediated ALLO) and to those that can use CDS'*" T

helpers (ALLO) . Functional tests performed one day after termination of CSA
indicated that 30 mg/kg CSA selectively abolished CD4 T helper function whereas
75 mg/kg CSA abrogated all T helper and effector function. Immune function
returned within 2 weeks of termination of CSA. At the 30 mg/kg dose, radio-
sensitive suppressor T cells of the Lyt2 phenotype were detected which selec-

tively suppressed CD4 T helper function of normal syngeneic spleen cells. At

75 mg/kg CSA, radioresistant, non-T suppressor cell activity was detected that

suppressed both CD4 and CDS function of normal spleen cells. That this

"suppressor phenomenon" induced by the 30 mg/kg dose was due to cells with
suppressor activity and was not due to the trivial explanation of "CSA
carryover" was demonstrated by the fact that suppressor activity was
radiosensitive, and abrogated by anti-Thy 1.2 or anti-Lyt2 antibodies and
complement. These findings indicate that different subsets of T cells can be
differentially affected by CSA, depending on the dose used which could account
for the failure of some studies to detect in vitro functional effects of CSA.

Knowledge of our findings could be important in designing protocols for
allograft patients. Our observations that the immune deficiency induced by CSA
is associated with suppressor cell activation should be important in elucidating
the mechanism(s) responsible for the CSA effect on preventing graft rejection.

In vitro studies in which different doses of CSA were added to primary
sensitization cultures of murine spleen cells and human PBL indicate a similar
pattern. Thus, lower doses of CSA selectively abrogated CD4-mediated helper
function, whereas higher doses of CSA abolished all helper function. These
results demonstrate that a similar CSA dose -dependent selective effect on CD4''" T

helper function exists for human T cells.

The GVH effects that we observed on thjmiic potential to develop CD4"'" T helper
cell function, and the effects of CSA reported on T cell development in
irradiated marrow-reconstituted animals suggested that CSA treated mice that are
subsequently irradiated and marrow grafted (CSA-BMT) would fail to develop CD4''"

T helper cell function. This prediction was confirmed, as CSA-BMT mice
exhibited normal CDS"*" T helper and effector function, but failed to show CD4 T
helper function. Similar to the GVH-BMT mice described above, the phenomenon:
a) was not associated with suppressor cells; b) was not due to a defect in APC
function; c) was not associated with a reduction in L3T4"'' or Lyt2"'" cells nor T3
expression; d) was circumvented in vitro by T cell helper factors or L3T4'*" cells
from untreated mice; and e) was corrected in vivo by a neonatal thymus graft.
These findings of the effects of CSA on thymic function complement studies of
others, indicate that CSA can have a profound effect on the thymus, and provide
another model for investigating the role of the thymus on T cell functional
development

.
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CSA also prevented the development of mature L3T4"'" Lyt2"'' and L3T4'Lyt2''" T cells

in the thymus and spleens of mice. Our results indicate that CSA blocks T cell
maturation steps in the development of double positive thymocytes from double
negative precursors, as well as interfering with the maturation of single
positive T cells from double positive precursors.

Publications:

Fukuzawa M, Shearer GM. Effect of cyclosporin A on T cell immunity. I. Dose-
dependent suppression of different murine T helper cell pathways. Eur. J.

Immunol. 1989;19:49-56.

Kosugi A, Sharrow SO, Shearer GM. Effect of cyclosporin A on lymphopoesis . I.

Absene of mature T cells in thymus and periphery of bone marrow transplanted
mice treated with cyclosporin A. J. Immunol. 1989;142:3026-3032.

Fukuzawa M, Sharrow SO, Shearer GM. Effect of cyclosporin A on T cell immunity.

II. Defective thymic education of CD4 T helper cell function in cyclosporin A-

treated mice. Eur. J. Immunol. 1989; in press.
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SUMMARY OF WORK (Use stamtattJ unreduced type. Oo not exceed Ifte space pmvided.)

The nature of polymorphism and allelism were re -evaluated in the minor lymphocyte
stimulating (Mis) system. Mis determinants are defined by the ability to
stimulate primary proliferative T cell responses between major histocompatibility
complex (MHC) identical cells. Originally, Mis was described as a single locus
system involving at least four polymorphic alleles. Proliferating T cell clones
were generated which were specific for Mls^, Mls'^, or Mls"^. These, in
combination with primary proliferative T cell responses, were then employed to
analyze the relationship between Mls^, Mls"^, and Mls'^ determinants. Formal
genetic analyses revealed that Mls^ and Mls'^ are encoded by non-allelic and in
fact unlinked genes. Moreover, an Mis strain expresses independently the
products of unlinked Mls^-like and Mls'^-like genes. Thus, in contrast to
previous understanding, the Mis system is composed of the products of at least
two unlinked loci, with no evidence for structural polymorphism at either locus
at the present time.

An analysis of T cell receptor (TCR) expression in Mls*^ reactive T cells
demonstrated a striking association of this reactivity with expression of the V/33

gene product. In addition, it was demonstrated that mouse strains which express
Mls^ delete expression of V^3 in their mature peripheral T cell populations.
This failure to express Vfi3 presximably reflects a consequence of the maintenance
of tolerance to self Mls'^ products. These findings provide a basis for the
understanding of high T cell precursor frequency for Mls*^ products, reflecting
the overall expression of V^3 in the T cell repertoire. Moreover, they
demonstrate the importance of these products in selection of the antigen- specif ic
T cell repertoire.
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Project Description
Mai or Findings :

1) Series of T cell clones were generated which are specific for Mls^, Mls'^ , or

Mis . The Mls^ and Mls*^ specificities of these clones were confirmed by use of

panels of inbred strains, recombinant inbred strains, and formal segregation
analysis in which the responses of clones were compared with the primary
(definitive) T cell responses to MHC identical cells. This analysis demon-
strated that Mls^ and Mls^ were noncrossreactive as defined by panels of T cell
clones, and therefore that the Mis system as defined by panels of T cell clones,

and therefore that the Mis system as defined is indeed polymorphic. In

addition, it was demonstrated that Mis cells express both Mls^ and Mls^
determinants

.

2) These studies suggested the possibility that Mis might in fact represent
the co-expression of Mls^ and Mls*^ determinants, a possibility which would imply

that Mls^ and Mls'^ were encoded by non-allelic genes. In order to test this

possibility, a formal segregation analysis was carried out in which (Mls^ x

Mls^)F-]_ x Mis progeny were typed in primary MLR as well as in responses of Mls^
specific and Mls^ specific T cell clones. The results of these studies demon-

strated conclusively that the genes encoding Mls^ and Mis*" determinants are non-

allelic and in fact are unlinked. Additional analysis of the progeny from a

(Mis x Mis )F]^ X Mis breeding indicated that Mis strains express the products
of unlinked genes which are respectively Mls^-like and Mls'~^-like. Thus the

original concept of Mis as a single locus, multi-allelic polymorphic system is

not sufficient to explain these findings. A reappraisal of these results
suggests the novel concept that Mis is in fact composed of the products of at

least two non-allelic and unlinked genes, with no definitive evidence at present
for polymorphism at either of these loci.

3) The influence of MHC gene products in the recognition of Mis was evaluated.
It was found that Mls'^ is highly stimulatory to T cells when it is presented on
stimulatory cells which also express H-2 but not H-2 gene products. Experi-
ments employing intra-H-2 recombinant strains demonstrated the importance of I-E

region gene products in the phenomenon. Studies employing monoclonal anti-I-A
and I-E antibodies also confirmed the importance of these class II molecules in

recognition of Mls'^ determinants. A consequence of this MHC influence on Mis
stimulatory ability was the re- typing of Mis genotype in a number of strains.
The expression of Mls*^ determinants was not previously identified in these
strains due to their failure to express a permissive MHC type.

4) The expression of T cell receptor (TCR) Va and V/3 chains was assessed in

Mlsc-specific T cell clones. These included clones which were generated by
repeated stimulation with Mlsc determinants and clones specific for the antigen
pigeon cytochrome c which were crossreactive with Misc. V/33 was expressed in 12

of the 13 Mls^ specific clones analyzed. Although V/911 usage was predominant in
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the cytochrome c reactive T cells, it was not expressed in other Mls'^ specific T

cells. The striking association suggests that expression of V/93 products alone,

independent of other a or /3 chain polymorphisms, is sufficient to determine T

cell specificity for Mls'^. It was also observed that strains which themselves
express Mls'^, whether homozygous of heterozygous, delete the expression of V/33

from their peripheral T cell repertoires. This finding is consistent with the

interpretation that maintenance of self tolerance to Mls^ determinants leads to

deletion of V/33 expressing T cells.

Proposed Course of Research :

Antibodies specific for T cell receptor structures will be utilized to determine
whether the receptors used in recognition of Mls^ and Mls'^ are the same or
different from those used in recognition of other specificities. Attempts will
be made to establish monoclonal cell lines expressing Mls^ determinants and to

identify Mls-congenic strains of mice. These resources together will be
employed in an attempt to generate monoclonal antibodies specific for Mis
products and ultimately to characterize the Mis structures involved in T cell
activation. The observed deletion of V/33 expressing T cells from Mls'^ animals
will be employed as a system in which to study the process of self -non-self
discrimination. The deletions of V^3 expressing T cells will be studied in
thymic and bone marrow chimeras

.

Publications :

Abe R, Hodes RJ . Genetic analysis of serologically undefined determinants: A T
cell "clonological" analysis of the Mis system. Current Topics of Microbiology
and Immunology 1988;137:177-182.

Abe R, Hodes RJ . A reappraisal of Mis genetics. J Immunogenetics 1988;15:5-10.

Abe R, Hodes RJ . Mis determinants recognized by T cells. J Immunogenetics
1988;15:11-19.

Seldin MF, Abe R, Steinberg AD, Hodes RJ , Morse HC. Genetic relationships of
Mls^ among polymorphic loci on distal mouse chromosome 1. J Immunogenetics
1988;15:59-66.

Abe R, Hodes RJ . T cell recognition of Mls'^. I. Influence of MHC gene products
in Mls'^-specific T cell recognition. J Immunol. 1988;140:4132-4138.

Abe R, Hodes RJ . The Mis system. Non-MHC genes which encode strong T cell
stimulatory determinants. Immunology Today 1988;9:230-235.

Abe R, Hodes RJ . The expression of Mls*^ determinants of Mls^, Mls°, and Mls^
prototypic strains. Immunogenetics 1988;28:221-232.
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Needleman BW, Lynch DH, and Hodes RJ . Effect of Mls^ on antigen presentation to

class Il-restricted T cells. J. Immunol. 1988;141:3760-3767.

Abe R, Vacchio MS, Fox B, and Hodes RJ . Preferential expression of the T cell

receptor Vy83 gene by Mls'^ reactive T cells. Nature 1988;335:827-830.

Abe R, Hodes RJ . Properties of the Mis system: A revised formulation of Mis
genetics and an analysis of T cell recognition of Mis determinants.
Immunological Reviews 1989;107:5-28.

Abe R and Hodes RJ . T cell recognition of minor lymphocyte stimulating (Mls)gene

products. Ann. Rev. Immunol. 1989;7:683-708.
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SUMMARY OF WORK (Use standarti unreducad type. Do not exceed tfw spaca provided.)

A role of both specific and non specific T cell derived signals was demonstrated
for activation of B cell antibody responses. It was shown that the supernatants
of activated cloned T helper cells are capable of replacing these T cells in the
antigen specific and MHC restricted induction of B cell IgG antibody responses.
Two distinct and synergizing activities were identified in this supernatant:
Interleukin 4, and an antigen- specific and MHC-restricted soluble factor. It was
demonstrated that this latter factor can be affinity purified employing
monoclonal antibodies specific for T cell receptor V^8 determinants.
Furthermore, metabolic labeling and immunoprecipitation with the same anti-V^8
antibody allowed detection in cell-free helper clone supernatants of a disulfide-
linked dimer which is indistinguishable from the T cell-surface a/3 heterodimer.

A mechanism for the rapid and directed secretion of mediators of T help was
demonstrated for the analysis of granule exocytosis by T helper cells. Cloned
helper cells, in response to T cell receptor mediated stimuli but not in response
to IL2 , rapidly secrete the contents of cytoplasmic granules. This provides a

potential mechanism for the transmission of B cell activating stimuli from helper
T cells to target B cells.
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Project Description
Major Findings :

1. Mechanisms of T helper function.

The nature of the signals transmitted by T helper cells to responding B cells

in the course of MHC restricted and antigen specific pathways of B cell
activation was studied. Cloned helper T cells were activated in vitro either
through exposure to specific antigen and antigen presenting cells or through
stimulation with solid phase immobilized antibody to the T cell receptor T3

complex. The cell free supernatant generated under these conditions was capable

of functioning in an antigen specific and MHC restricted fashion to activate B

cell IgG antibody responses. The helper activity of these supernatants was
inhibited by monoclonal antibodies specific for IL4, demonstrating that this

lymphokine is one of the essential and synergizing components of the helper cell

supernatant. A second component, with the properties of both antigen
specificity and MHC restriction, was affinity purified using monoclonal
antibodies specific for the Vy98 determinant of the T cell receptor. These
findings demonstrate that both specific and non specific T cell products are

capable of synergizing in the activation of B cells. Moreover, they strongly
suggest that a cell -free form of the T cell receptor is capable of binding to

its specific ligand and mediating T helper cell function.

In order to analyze the cell -free products of cloned T cells at a biochemical
level, cells were S -methionine labeled and their supernatant products then
evaluated by immunoprecipitation. Monoclonal antibodies specific for constant
of variable (V;98- encoded) determinants on the T cell surface a/3 receptor
precipitated material from cell -free supernatants which had a molecular weight
of 85-90 kd nonreduced and 40-45 kd under reducing conditions. On reduced-
nonreduced 2-dimensional gel analysis, this material was indistinguishable from
the cell surface a/9 heterodimer.

2. Granule exocytosis by T helper cells.

In a separate but related set of studies, it was demonstrted that cloned T
helper cells bear cytoplasmic granules which contain a series of detectable
enzymatic activities. When stimulated with specific antigen or with antibodies
directed at T cell receptor structures, but not when activated with IL2 , these
cloned T helper cells undergo a rapid granule exocytosis. This secretory
process provides a mechanism whereby prestored granules containing potentially
relevant biologic mediators may play a role in the T helper cell function.
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Proposed Course of Project :

The signals involved in T cell-mediated activation of B cell responses will be
studied through the characterization of cell free T helper products. The
antigen specific T helper factor will be assessed by batch affinity purifica-
tion. Attempts will then be made to more extensively biochemically characterize
this product and in particular to establish its relationship to the cell surface
T cell receptor. The ability to activate B cells in a highly specific fashion
in the absence of intact T cells will also be employed to study the nature of
signal transduction by B cells. Early response parameters such as PI hydrolysis
and calcium flux will be studied in B cells activated either through lymphokine,
antigen specific soluble helper factor, or combinations of such stimuli.

Publications :

Guy R, Ullrich SJ , Foo-Philips M, Hathcock KS , Appella E, and Hodes RJ . Antigen-
specific helper function of cell-free T cell products bearing TCR Vo8
determinants. Science 1989; in press.

Guy R, Foo-Philips M, and Hodes RJ . Expression of T cell receptor V/S8

determinants on antigen- specific T helper factor. In Immune System and Cancer,
Japan Scientific Societies Press, Tokyo, 1989; in press.

Hodes RJ . T helper-B cell interaction. The roles of direct Th-B cell contact
and cell -free mediators. Seminars in Immunology, 1989; in press.

Hodes RJ . T cell -mediated regulation: help and suppression. In Paul, W.E.
(Ed.): Fundamental Immunology, 2nd edition. New York, NY, Raven Press, 1989; in
press

.

Taplits MS, and Hodes RJ . The helper T lymphocyte as a secretory cell:
Constitutive versus regulated secretion. In Cruse, J.M. and Lewis, R.E., Jr.
(Eds.): The Year in Immunology 1988, Karger, Basel, 1989 pp. 147-158.

Taplits, MS, Henkart PA, and Hodes RJ . T helper cell cytoplasmic granules:
exocytosis in response to activation via the T cell receptor. J. Immunol.
1988;141:1-9.

Guy R and Hodes RJ . Antigen- specific , MHC restricted B cell activation by cell-
free Th2 cell products: Synergy between antigen- specific helper factors and IL4.
J. Immunol. 1989; in press.
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Peripheral blood leukocytes (PBL) from HTLV-III antibody (+) and (-) donors were
tested for IL-2 production and cell-mediated lympholysis (CML) to recall antigens
(S+X) and to HLA allogeneic cells (ALLO) . Among antibody (+) donors, approxi-
mately 50% failed to respond to S-(-X, whereas all responded to ALLO, except
patients in the critical stages of AIDS, who responded to neither type of
immunogen.

Using PBL from antibody (-) donors we demonstrated by cell fractionation
techniques that S+X T cell responses are obliged to use CDA"*" T cells, whereas ALLO
responses can be generated by either CD4''" or CD4' T cells. Thus, the selective
loss of S+X responses probably reflects the loss of CD4"'' cells during AIDS
development.

By studying the T helper cell responses in more than 300 HIV"*" patients without
AIDS, we have been able to subdivide Walter Reed Stage 1 patients into four
subgroups: those that have lost no T helper cell (Tj^) function; those that have
lost only Tjf to S+X; those that have lost T^ function for both S+X and ALLO; and
those who have lost T^ to all antigens and to PHA. We have not seen evidence for
a defect in antigen-presenting cell function.
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Project Description

Major Findings :

This laboratory has been investigating T helper cell (TH) immune function and

antigen-presenting cell (APC) function in asymptomatic, HIV"^ individuals and

patients with symptomatic AIDS. Thus far, we have studied more than 400

subjects. Our studies indicate that four distinct patterns of T helper cell

function can be identified within a population of individuals that clinical
evaluation would classify as asymptomatic and indistinguishable. These
categories include patients with: a) no immune dysfunction; b) a selective

defect in response to recall antigens only; c) a defect in response to recall

and HLA alloantigens , but not to the nitogen, PHA; and d) a defect in response

to all stimuli. Our longitudinal data indicate that there is a progression from

a) to d) that is correlated with progression toward AIDS. We have determined
that the early selective defect in response to recall but not alloantigens is

due to the fact that different TH-APC pathways are utilized in response to these

two types of antigens

.

We have recently detected APC defects in a subpopulation of AIDS patients, but
not in asymptomatic, HIV*" individuals. This indicates that part of immune

deficiency in these patients could be due to a deficiency in antigen-presenting
function.

Our study also indicates that a subpopulation of AIDS patients retain intact
CDS"^ T cell function, including ability to produce IL-2 in response to HLA
alloantigens (ALLO) . This finding raises the possibility that alloantigen-
stimulated CDS'*" T helpers could provide help for CTL precursors that normally
require 004"*" T helpers. To test this possibility, PBL from HIV individuals who
were able to generate CTL to ALLO but not to FLU were cocultured with FLU plus
ALLO. In the presence of costimulation with ALLO, the CD4-defective PBL
generated CTL responses to FLU. This observation raises the possibility that
AIDS patients who have lost CD4 T helper cell function but who have retained
CDS T helper function and effector function could be immunized in vivo with
allogeneic leukocytes plus antigenic determinants against opportunistic
infectious agents to which AIDS patients are so susceptible, and possibly to HIV
itself. In fact, we have recently seen that PBL from a patient who lost the
ability to generate CTL to HIV, were able to generate HIV- specific CTL upon
costimulation with ALLO + HIV peptides. This approach offers advantages over
the injection of exogenous IL-2 because it should not have the adverse side as
other lymphokines that might be important for the activation of T effector cells
and B cells

.

In collaboration with Dr. Jay Berzofsky (NCI, NIH) , we have tested PBL from
approximately 150 HIV"*" individuals for proliferative responses IL-2 production
and CTL when stimulated with synthetic peptides from the glp20 envelope protein
of HIV. We have also tested the proliferative reponses of blood from healthy
volunteers who were immunized to a vaccinia recombinant that expressed HIV
antigens. We found that PBL from the latter group of donors proliferated to the
peptides. We found that PBL from approximately 30% of the infected donors did
not proliferate to the peptides, but did produce IL-2 when stimulated with the
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peptides. Recent collaborative studies with Dr. M. Martin (NIAID) indicated
that infant mice that express the human HIV gene do not exhibit changes in CD4

or CD8"^ T cell numbers, but do show elevated numbers of B cells. Spleen and

lymph node cells from these mice exhibit defects in T lymphocyte function.

Publications :

Shearer GM, Singer A, Buller RM, Ambrus H, Morse, HC . Importance of CDS"*" T

helper cell function in AIDS (Letter to the Editor) J. Infect. Dis . 1988;

158:893.

Berzofsky JA, Bensussan A, Cease KB, Bourge JF, Cheynier R, Zirimwabagangabo L,

Salaun J-J, Gallo RC , Shearer GM, Zagury D. Antigenic peptides recognized by T

lymphocytes from AIDS viral envelope -immune humans. Nature 1988 ; 706-708

.

Golding H, Shearer GM, Hillman K, Lucas P, Manischewitz J, Zajac RA, Clerici M,

Gress RE, Boswell RN, Golding B. Common epitope in HIV I-GP41 and HLA class II

elicits immunosuppressive autoantibodies capable of contributing to immune
dysfunction in HIV-infected individuals. J. Clin. Invest. 1989;83:1432-1435.

Leonard JM, Abramczuk JW, Penzen DS , Rutledge R, Belcher JH, Hakim F, Shearer,

G, Lamperth L, Travis W, Fredrickson T, Notlzins AL, and Martin, MA. Development
of disease and virus recovery in transgenic mice containing HIV proviral DNA.

Science 1988;242:1665-1670.

Clerici M, Stocks NI , Zajac RA, Boswell RN, Bernstein DC, Mann DL, Shearer GM,

Berzofsky JA. Antigenic peptides recognized by T helper lymphocytes from
asymptomatic, HIV seropositive individuals. Nature 1989; in press.

Morse HC III, Yetter RA, Via CS , Hardy RR, Cerny A, Hawakawa K, Hugin A, Miller
MW, Shearer GM. Functional and phynotypic alterations in T cell subsets during
the cause of MAIDS, a murine retrovirus -induced immunodeficiency syndrome. J.

Immunol. 1989; in press.

Clerici M, Stocks NI , Zajac RA, Boswell RN, Lucey DR, Via CS and Shearer GM.

Detection of three distinct patterns of T helper cell dysfunction in

asjnnptomatic , HIV-seropositive patients: Indedependence of CD4 cell numbers and
clinical staging. J. Clin. Invest. 1989; in press.
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed tm space provided.)

We have examined the role of CD4 and CDS in MHC class recognition. In these
studies, we have evaluated the ability of CD4 and CDS molecules to function as
signalling molecules for mature and developing T cells. Interestingly, we
have found that CD4 function is related to TcR expression and appears to play
an important signalling role in T cell differentiation. Indeed, there are a

number of indications in these studies that CD4 and CDS can both function as
signalling molecules, but that they are not functionally identical molecules
that merely differ in their ligand specificity for MHC class I or MHC class II
determinants

.
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Project Description

Mai or Findings :

The concept that MHC class specificity expressed by T cells is determined by
their cell surface expression of either CD4 or CDS accessory molecules
implicitly presumes that CD4 and CDS molecules are functionally equivalent
receptor molecules that differ only in their ligand specificity. Since
activation of protein kinase C (PKC) by phorbol esters such as PMA can mimic
receptor-mediated signalling and cause phosphorylation, internalization, and
down- regulation of surface receptors, we examined if the responses of CD4 and
CDS to PKC activation were identical. To our surprise, we found that even
though PMA activation of PKC induced rapid internalization and decreased cell
surface expression of TcR on both CD4 and CDS T cells, the responses of the

CD4 and CDS molecules themselves to PKC activation were markedly divergent. For

example, PMA induced PKC activation in CD4"'"CDS"*" "double positive" thymocytes
revealed, in a single cell population, a marked and rapid decrease in cell
surface expression of CD4 but nearly unchanged cell surface expression of CDS

over 5 hours. Thus, CD4 behaved similarly to molecules comprising the TcR
complex in response to PKC activation, whereas CDS did not. The relationship
between CD4 and TcR was further examined by assessing the effect of anti-CD4 mAb
on TcR expression on mature T cells. We found that anti-CD4 mAb caused the

internalization of CD4 and the co- internalization of TcR. PKC or a related
cellular intermediary was involved in these co- internalization events, since PKC

depleted T cells were unable to co- internalize TcR in response to anti-CD4 mAb.

Because CDS'*" anti-class II Tk cells constitute the only "aberrant" T cell subset
whose phenotype is "discordant" with its MHC specificity, we wished to compare
their MHC differentiation requirements with those of "conventional" CD4 anti-
class II Tk cells whose phenotype was "concordant" with their MHC specificity.
Differentiation of all CD4''' T cells, including CD4'*' anti-class II Tk cells,
requires engagement of thymic MHC class II determinants as indicated by the
arrest of CD4 T cell differentiation by in vivo administration of saturating
amounts of anti-la antibodies. Consequently, we examined if differentiation of
class II specific CDS T cells was similarly arrested by in vivo anti-la
blockade. Interestingly, we found that anti-la blockade did not interfere with
the differentiation of CDS'*" anti- class II Tk cells even though, in the same
animals, it arrested the differentiation of CD4''" anti-class II Tk cells. These
results demonstrated that differentiation of CD4 and CDS anti-class II T cells
differed fundamentally in their requirements for la engagement. Indeed, these
results indicated that differentiation of CDS"*" T cells, even those whose
receptors had specificity for MHC class II determinants, did not depend on
engagement of thymic class II determinants, but, instead, either did not require
MHC engagement at all or required engagement of MHC class I determinants. These
observations have suggested to us that the MHC requirements for differentiation
that developing T cells express may not reflect a requirement for TcR
engagement, but rather may reflect a requirement for MHC-induced cross-linking
of CD4 or CDS accessory molecules.
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To examine the effect of CD4 cross -linking on developing T cells, we injected
neonates with anti-CD4 mAb and examined TcR expression on the developing
thymocytes. Remarkably, we found that the mAb-induced crosslinking of CD4 on

CD4'^8'^ double positive thymocytes caused a 3-5 fold increase in their surface
expression of TcR. This was a rapid effect, occurring within 16h, and was a

direct effect on the immature double positive thymocytes themselves.
Interestingly, the effect of anti-CD4 engagement on the mature single positive
thjrmocytes within the same thymus was to reduce TcR expression. Thus, the

effect of anti-CD4 engagement on TcR expression was a function of the

developmental state of the responding T cell.

We examined the role of CDS in T cell function by assessing the function of CDS

on precursor Tk (pTk) cells that would differentiate, upon activation, into

mature Tk cells. Since anti-CD8 mAbs blocks recognition of class I target cells

by most mature CDS'*" anti-class I Tk cells, it seemed reasonable to expect that

anti-CD8 mAbs would similarly block CDS"*" pTk cell recognition of class I

stimulator cells in the induction cultures and so inhibit anti-class I Tk cell

responses. However, this turned out not to be the case. We found that addition
of anti-CD8 mAbs to the induction cultures did not block generation of anti-

class I Tk cells responses, but, paradoxically, frequently enhanced them.

However, the anti-class I Tk cells that were generated in the presence of anti-

CD8 mAbs were different than the anti -class I Tk cells that were generated in

conventional induction cultures devoid of anti-CD8 mAb. Conventional Tk cells
were overwhelmingly anti-CD8-sensitive in their ability to lyse class I targets,
whereas novel Tk cells from cultures containing anti -CDS mAbs were
overwhelmingly anti -CD8- resistant . We found that the underlying mechanism
responsible for anti-CDS mAb induction of anti-CDS-resistant Tk cells involved:
(a) multivalent cross -linking of CDS molecules on the pTk cells, and (b) TcR
engagement. We found that bivalent cross -linking of CDS molecules on pTk cells
did not lead to internalization and downmodulation of cell surface CDS, and
resulted in blockade of pTk cell activation. In contrast, we found that
multivalent cross -linking of CDS molecules on pTk cells did lead to

downmodulation of cell surface CDS and did activate pTk cells to differentiate
into anti-CDS-resistant Tk cells. Thus, these studies functionally demonstrate
a signalling role for CDS in Tk cell activation that requires multivalent cross

-

linking of CDS to other CDS molecules. In the light of these results, it is

possible that activation of CDS"*" T cells requires two independent signals: one
induced by CDS cross-linking and one induced by TcR cross -linking.

Publications :

Mizuochi T, Tentori L, Sharrow SO, Kruisbeek AM, and Singer A. Differentiation
of la- reactive CDS murine T cells does not require la engagement. Implications
for the role of CD4 and CDS accessory molecules in T cell differentiation. J.

Exp. Med. 198S;168: 437-442.

Kaldj ian E, McCarthy SA, Sharrow SO, Littman DR, Klausner RD, and Singer A.

Nonequivalent effects of PKC activation by PMA on murine CD4 and CDS cell
surface expression. FASEB J. 198S ; 2 : 2801-2806

.

McCarthy SA, Kruisbeek AM, Uppenkamp IK, Sharrow SO, and Singer A. Engagement of
the CD4 molecule influences cell surface expression of the T-cell receptor on
thymocytes. Nature 1988;336:76-79.
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McCarthy SA, Kaldj ian E and Singer A. Induction of anti-CD8 resistant CTL by

anti-CDS antibodies: Functional evidence for T cell signalling induced by

multivalent cross -linking of CDS on precursor cells. J. Immunol. 1988 ; 141 : 3737-

3745.

McCarthy SA, Kaldj ian E and Singer A. Multivalent cross -linking of CD8

transduces an activation signal in developing cytolytic T lymphocytes. In Kaplan
JG, Green DR and Bleackley RC (Eds.): Cellular Basis of Immune Modulation. Alan
R. Liss, New York, NY, 1989 ;pp 113-116.

Zunia-Pflucker JC, McCarthy SA, Weston M, Longo DL, Singer A, and Kruisbeek AM.

Role of CD4 in thymocyte selection and maturation. J. Exp. Med. In press.

Cole JA, McCarthy SA, Rees MA, Sharrow SO and Singer A. Cell surface co-

modulation of T cell receptor by anti-CD4 monoclonal antibody. J. Immunol. In

press

.
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SUMMARY OF WORK (Use standvxl unreduced type. Do not excaad the space providea.)

The aim of this work is to determine the DNA sequence organization of class I

genes contained in the swine major histocompatibility complex (SLA). We have
established that this gene family contains only seven members, of which five have
been isolated and their DNA sequences determined. It has been established that
the sequence organization of the class I SLA genes is similar to that of other
class I genes in other species. Within the family, it is possible to define at
least three sub- families , based on their sequences. Homologies between the SLA
genes range from 85% between two genes within a sub-family to 45% between sub-
families. Gene conversion events appear to give rise to complex alterations, and
to occur between sub-families. Physical mapping has established that the class I

genes map within 500 kb on a single linkage group.

Isolation of cDNA clones has demonstrated that only 4 class I genes are expressed
within swine PBL populations. Sequence analysis of these clones has established
the locations of exons and further indicates a variety of post- transcriptional
alternative splicing events occurs in these cells.
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Project Description

Major Findings :

We have determined the DNA sequences of the five isolated class I SLA genes.

From their sequence homologies, we have identified three sub-families. One sub-

family consists of PDl, PD14 and PD7 , which are between 81-85% homologous to one

another. The other two sub-families contain only a single member. These genes,

PD6 and PD15 , are very divergent both from the PDl sub-family (49-55%) and from
each other (45%). By comparison with class I genes from other species, all of

the members of the PDl sub-family are composed of eight exons ; in contrast, PD6

has only seven exons and PD15 has no discernible exons 6-8. In order to isolate
the remaining two class I genes, we have screened a cosmid library, and are

currently characterizing the isolated clones.

The physical linkage map of the class I locus is being investigated in two ways.

Large scale mapping of the pig genome by pulsed field electrophoresis of DNA
digests generated by restriction enzymes which cut infrequently within the

genome shows that the SLA class I complex is contained within a single 500 kb

segment, considerably smaller than the HLA class I complex, which has been
estimated to span 2000 kb . To order individual genes more precisely cosmid
clones have been isolated. Of the clones isolated, many have two or more genes

contained within them within 20 kb of each other. Thus, the spacing of class I

SLA genes is similar to that of HLA genes. By combining the data obtained from
the two approaches, it will be possible to generate a fairly accurate map of the

gene family without necessitating extensive cosmid walking. Two fo the genes
isolated from cosmids have been sequenced.

Because the splicing patterns of the SLA class I genes and their corresponding
intron-exon boundaries had been inferred by comparison with class I genes of man
and mouse, we isolated cDNA clones for the purpose of: 1) determining which of
the seven genes could be expressed in vivo, and 2) the splicing patterns and 5'

and 3' untranslated sequences. To this end, a cDNA library was constructed from
RNA of peripheral blood lymphocytes and screened with both PDl and PD6 probes.
cDNA clones were isolated and grouped according to their hybridization pattern
and restriction maps. Examples of each group were sequenced, yielding the cDNA
sequences of PDl, PD14 , PD7 and PD6 . These cDNA sequences have confirmed our
assignments of exon/intron junctions and have identified the sites of
transcriptional initiation and termination.

Publications :

Singer D, Ehrlich R, Maguire J, Golding H, Satz M, Parent L, and Rudikoff S.

Structure and organization of class I MHC genes in miniature swine. Molecular
Biology of the MHC of Domestic Animal Species. Editors: C. Warner, M.

Rothschild, S. Lament, Iowa State University Press, Ames, Iowa, 1988.
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed tfie space provided.)

The aim of this work is to investigate the mechanisms controlling the expression
of a multi-gene family. The miniature swine has been chosen as an experimental
model because there are only 7 members of the family. To address the question of
the molecular regulation of the expression of class I MHC genes, two approaches
have been taken: 1) the analysis of in vivo patterns of expression of each of the
genes, both in situ and in transgenic mice; and 2) characterization of regulatory
elements associated with these genes.

Analysis of in vivo patterns reveals that both shared and discrete regulatory
mechanisms operate within the family. Thus, some genes are coordinately
expressed, whereas others are not. In both cases, patterns of expression are
actively regulated.

Regulatory sequences within one of the transplantation antigen genes have been
identified by generating a series of 5' end deletion mutants. A series of both
positive and negative elements have been functionally mapped by transfecton into
cell lines. In vivo function of identified elements has been examined by
generating transgenic mice containing relevant deletion mutants . A novel negative
regulatory element, which requires the presence of a positive element in order to
function, has been identified. It has been further demonstrated that these
elements function through the binding of trans acting factors. The binding sites
of the trans acting factors have been mapped using both gel retardation assays and
exonuclease protection.
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Project Description

Major Findings :

Expression of individual class I genes is actively regulated: multiple genes

within the family show similar patterns and responses, whereas other class I

antigens, such as Qa and TL, have been classified as differentiation antigens
because of their limited tissue distribution. We speculate that common
mechanisms exist which coordinately regulate certain class I gene expression and

discrete mechanisms exist which regulate expression of the differentiation
antigens. In earlier studies, we demonstrated that introduction of one of the

swine class I genes, PDl , into mouse L cells resulted in its regulated
expression. Furthermore, interferon treatment of transfected L cells increased
transcription of the PDl gene, indicating that regulatory sequences were
contained within the transfected DNA segment. In order to further define the

regulation of PDl, we have examined its in situ patterns of expression as well
as its expression in transgenic mice. In addition, we have constructed a

variety of deletion mutants generated from the 5' flanking sequences which have
allowed us to identify and define a series of regulatory elements. We are
presently conducting parallel experiments with other members of this family in

order to compare their regulation.

We have undertaken a molecular dissection of PDl with the aim of identifying
functional regulatory DNA sequence elements. To date, our studies have focussed
primarily on the 1.1 Kb of 5' flanking region contained within the transgene.
Using a limited series of 5' deletion mutants, ligated to the reporter gene CAT,

we have identified the transcriptional promoter, the interferon response element
(IRE) and an array of positive and negative regulatory elements. Of particular
interest is the existence of a novel negative element. Removal of this element
from the 5' flanking segment increases expression from the PDl promoter by 5-10
fold. Introduction of the silencer segment adjacent to the heterologous viral
SV40 promoter similarly reduces its efficiency of transcription. However, this
negative effect is observed only if the SV40 promoter has its enhancer element
associated with it. In the absence of the viral enhancer, the PDl silencer does
not function. In vivo competition experiments, employing various combinations
of enhancers and the PDl silencer have demonstrated that trans acting factors
mediate the function of these elements. In particular, a PDl enhancer shares at
least some common elements with the SV40 enhancer. Furthermore, the trans
acting factor(s) binding to the silencer element does so only in the presence of
an enhancer and its cognate binding factors. Although the molecular mechanisms
by which the regulatory elements and their factors function is not known, our
data suggest a model in which the negative and positive regulatory elements each
define an independent binding site .

Functional analysis of the PDl 5' flanking region has documented the existence
of at least three enhancers and a silencer (see above) . An extended series of
5' deletion mutants has generated a fine map of the position and function of
these elements. In order to analyze the in vivo function of these elements,
transgenic mice are being generated with various of these constructs. Tissue
patterns of expression of these transgenic animals are being compared to assess
the roles of the DNA elements in regulating class I gene expression.
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Inspection of the DNA sequence of the PDl 5' flanking region revealed no
striking homologies with known regulatory elements from other gene systems,
other than the interferon responsive element, the H2TF1 binding site, and
enhancer B. However, a 140 bp DNA sequence in this region contains an inverted
repeat which overlaps with a region of dyad symmetry. Functional analyses have
mapped enhancer and silencer function to these elements. Further, distinct trans
acting factors are associated with these elements. These have been identified by
gel mobility shift assays and foot-printing techniques. Studies are underway to

isolate these factors

.

The patterns of expression of four other class I genes have been examined. One,

PD14, encodes a classical transplantation antigen and is coordinately expressed
with PDl. A second gene, PD7 , has been shown to have precisely the same pattern
of expression as PDl, but at markedly reduced RNA levels relative to PDl in all
tissues. Transfection of PD7 into mouse L cells results in a very low level of
transcription and commensurately low level of cell surface expression. Removal
of 3 kb of 5' flanking sequence from PD7 increases its level of transcription. A
third gene, PD6 , displays patterns of expression distinct from PDl. Although
PD6 , like PDl, is expressed in pigs at the highest levels in lymphoid tissues,
unlike PDl, it is preferentially expressed in T cells, relative to B cells, and
is not expressed at all in the thymus. The fourth gene, PD15 , is not detectably
expressed in any adult tissue nor in transfected L cells, and is considered to

be a pseudogene.

Publications :

Singer DS and Ehrlich R. Identification of regulatory elements associated with a
class I MHC gene. Current Topics in Microbiology 1988;137:148-154.

Singer DS , Ehrlich R, Maguire J, Golding H, Satz L, Parent L, and Rudikoff S.

Structure and organization of class I MHC genes in miniature swine. Molecular
Biology of the MHC of Domestic Animal Species, Editors: C. Warner, M.

Rothschild, S. Lament. Iowa State University Press, Ames, Iowa, 1988.

456



DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PHOjECT •iumber

ZOl CB 09271-06 E

PERIOD COVERED

October 1, 1988 to September 30, 1989

TITLE OF PROJECT (80 cfiaraclers or less. Title must lit on one line Oetween the txirders.)

Graf t-versus-Host Disease in Allogeneic Marrow Transplantation and Tumor Purging

PRINCIPAL INVESTIGATOR (List otfier pmlessional personnel below the Principal Investigator ) (Name, title, laboratory, and institute atfillation)

PI: R. E. Gress Senior Investigator EIB , NCI

Others: R. Moses
R. Hirsh
H. Nakamura

Biotechnology Fellow
Medical Staff Fellow
Visiting Fellow

EIB, NCI
EIB, NCI

EIB, NCI

COOPERATING UNITS (it any)

Lj^B/BRANCH

Experimental Immunology Branch

INSTITUTE AND LOCATION

NCI, NIH, Bethesda, Maryland 20892
TOTAL MAN-YEARS;

2.5

PROFESSIONAL

2.5
CHECK APPROPRIATE BOX(ES)

Q (a) Human subjects

D (a1) Minors

n (a2) Interviews

[^ (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standaM unreduced type. Oo not exceed ttie space provided.)

Graft-versus-host disease (GvHD) is dependent in its generation on the presence
of immune competent T cells in the donor marrow with specificity for allogeneic
antigens of the host. The activation of these cells in the host after infusion
and the resultant tissue injury is clinically recognized as GvHD. One approach
to preventing GvHD is the removal of these T cells from the marrow inoculum. We
have pursued T cell depletion of human marrow for the purpose of preventing GvHD
in marrow transplantation across MHC differences in man by the use of monoclonal
antibodies specific for cell surface molecules unique to T cells in combination
with complement. Two such antibodies have been derived, one with specificity for
CD2 (sheep red blood cell receptor) and one which defines a novel T cell
determinant. The latter antibody precipitates a 92 KD molecule and a predominant
45 KD band under non-reducing conditions and reducing conditions, respectively.
These two antibodies, in combination with CD7 and CDS specific antibodies, have
been used to carry out studies in human bone marrow T cell depletion. To
quantitate T cells remaining in marrow after such depletions, a limiting dilution
assay was developed which detects T cells at a level of one T cell per 10^-10^
marrow cells. A bank of cryopreserved marrows depleted of T cells by a
combination of monoclonal antibodies and complement, with the extent of that
depletion assessed by limiting dilution assay, has been established. The
techniques developed for the removal of normal T cells from allogeneic marrow
have also been applied to the removal of malignant T cells from autologous
marrow. A clinical protocol has been developed to assess the feasibility of
utilizing these marrows in the treatment of aggressive T cell malignancies with
marrow ablative chemotherapy and radiotherapy.
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Project Description

Major Findings :

The primary approach taken in these studies of T cell depletion of human marrow
has been by antibody and complement; alternative approaches such as the use of

immunotoxins , elutriation, and immune resetting have also been evaluated.

Initial studies with antibody and complement established conditions for optimal
complement mediated lysis and showed that individual antibodies differed in

their ability to effect lysis in the presence of complement. A combination of

antibodies was superior to single agents not in the extent of depletion, but in

reproducibility from treatment to treatment. In addition to two antibodies
available from other sources (CD 7 and CD 5 specific) , neither of which was
adequate to mediate pan T cell depletion effectively, we derived additional
monoclonal antibodies with screening by complement mediated lysis. Two
antibodies of interest were isolated. One was CD2 specific and has been
utilized in these studies for T cell depletion and in investigations of the

role of the LFA-2 accessory molecule in T cell function. It detects an epitope
region distinct from that detected by OKTll. The second antibody is specific
for a novel determinant on T cells. The determinant for which this antibody is

specific is expressed by cells of hematopoietic origin, is confined to T cells,

and is concordant with the expression of CD5 and CD3 . Immunoprecipitation
demonstrates a 92 KD molecule under non-reducing conditions and a predominate
45 KD band under reducing conditions. Comparisons of expression on a series of
T cell lines, including a line deficient in the expression of T cell receptor,
distinguished the determinant defined by this antibody from those detected by
known anti-T cell monoclonal antibodies.

The number of donor marrow T cells necessary for the generation of GvHD is on
the order of 0.1% in the mouse or 1 x 105/kg in man. Assays commonly used for
the quantitation of residual T cells after depletion such as proliferative
responses to mitogens (PHA) or alloantigens (MLR) or analysis by FACS detect on
the order of 1% T cells and so are insufficient in sensitivity. A limiting
dilution assay was therefore developed based on the clonogenic potential of
peripheral human T cells. The readout is cell growth; the sensitivity of this
assay is sufficient to detect one T cell in 10-10 marrow cells and the
specificity has been confirmed by a variety of techniques. This limiting
dilution assay has been essential to the monitoring of T cell depletion from
human marrow. With this assay, the depletion regimen was refined and different
methods of marrow harvest evaluated with respect to influence on final marrow T
cell content. Surgical resection of marrow was superior to conventional
aspiration as a method of harvest. One consideration in the clinical use of
surgically resected marrow is marrow cell yield. The final yield in a series
of harvested marrows (after treatment to remove T cells) was 74% of the Ficoll
population for a final mean total cell number of 9.3 x 10 cells per donor.
The residual T cell content was less than one T cell per 10 marrow cells which
represented, in each case, greater than a three log depletion of T cells.
Progenitor cell (CFU-C and BFU-E) recovery was 42-100%. These and similarly
prepared marrows have been cryopreserved as a "universal donor bank" . In
evaluating alternative methods of T cell depletion, the most effective and
reproducible was elutriation. The processing of human marrow for clinical use
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has now been adapted to a semi -automated system, which includes elutriation
followed by treatment with antibody plus complement, and has been applied to
the removal of malignant T cells from autologous marrow.

Publications :

Quinones R, Lunney J, and Gress, RE. An anti-human T cell monoclonal antibody
with specificity for a novel determinant. Transplantation 1988;46:143-150.

Moses RD, Beschorner WE, Singer D, Orr KS , Bacher JD, and Gress, RE.
Restriction fragment length polymorphism analysis with a crossreactive HLA
class II DR-beta gene probe for the detection of engraftment of MHO -mismatched
marrow in the rhesus monkey. Bone Marrow Transplantation; in press.

Gress RE. Bone Marrow Transplantation. Current Opinions in Immunology; in
press

.

Gress RE, Lucas PJ , Cassel J, Nakamura H, Moses RD, and Quinones RR. Efficacy
of T cell depletion of surgically resected cadaveric marrow: Considerations in
HLA.-mismatched marrow transplantation. In Gross, S. and Gee, A. (eds.): Bone
Marrow Purging. Alan R. Liss, Inc.; in press.
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SUMMARY OF WORK (Uaa stanOard unneucad type. Do not exceed ttte apace providad.)

We have examined thymic influence on the MHC-specificity expressed by func-
tionally and phenotypically distinct T cell subsets. Studies on thymocytes
from genetically defective scid mice have suggested that TcR(75) cells may
play a critical role in promoting the entry of thymocytes into the CD4/CD8
differentiation pathway. Other studies examining the signalling role of CD4
and CD8 accessory molecules in the selection and differentiation of immature
CD4 8 double positive thymocytes have revealed that these molecules do
function as signalling molecules and do influence TcR expression on these
immature cells.
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Project Description

Major Findings :

In order to examine the general relationship between TcR expression and T cell

differentiation, we have examined a genetically defective mouse strain. Mice
with severe combined immune deficiency (scid) , lack both receptor bearing T

cells and receptor bearing B cells. It is thought that this genetic defect
results from a deficiency in the recombinase enzymes necessary for receptor gene

rearrangements, making it very difficult for the lymphocytes in these animals to

express any antigen receptors. As a result, these animals represent an
excellent model for examining how far T cell differentiation can progress in the

absence of TcR expression, and for indicating which steps are in fact dependent
on TcR. In normal T cell ontogeny, T cells can be characterized by their
expression of CD4 and CDS accessory molecules. Thus, the kinetics of appearance
of thymocyte subsets is: CD4"CD8" -> CD4"^CD8"^ -> CD4"^CD8" , CD8+CD4' . The
CD4''"CD8"'" double positive subset consists of approximately equal numbers of TcR
and TcR" cells, suggesting that TcR expression is not necessary for thymocytes
to become D4 CD8 . Consequently, the expectation was that, in scid mice,

thymocyte development would proceed through the generation of double positive
cells. To our surprise, we have found that Thyl thjrmocytes from most scid mice

contain only CD4'CD8' (double negative) TcR' cells. These cells are IL-2R"'" and
Lyl dull, and so are similar to double negative cells from the thymic of normal
mice. What is surprising from these results is that, in the absence of TcR
cells, T cell differentiation does not proceed beyond double negative cells. We

found that in "leaky" scid mice (those few mice that spontaneously express TcR
cells) the intra- thymic presence of TcR"*" cells was invariably accompanied by the

intra- thymic presence of CD4''"/CD8'*' cells. Surprisingly, however, the CD4"^/CD8'''

cells were not necessarily themselves TcR . We further examined this apparent
paradox by reconstituting irradiated scid mice with bone marrow stem cells from
normal AKR mice that would give rise to normal TcR AKR thymocytes . In these
thymic, the scid thymocytes remained TcR" but became CD4''"/CD8"'' . Thus, intra-
thymic TcR"*" cells were able to promote the differentiation of TcR" thymocytes
into CD4/CD8 expressing cells. When applied to normal T cell differentiation,
these results suggest a critical role for early appearing TcR(75) thymocytes in
initiating the entry of CD4"8" double negative thymocytes into the CD4/CD8
TcR(ay9) differentiation pathway.

If thymic selection occurs at the CD4"'"8''' DP stage of differentiation, CD4"'"8"'" DP
thymocytes must be able to respond to membrane- initiated signals. To examine
this possibility, we examined the ability to activate tyrosine kinase and to

phosphorylate the zeta chain of the TcR complex in DP thymocytes. We found that
CD4, CDS, CD3 , and TcR(a/3) were able to induce tyrosine phosphorylation of zeta
in DP thymocytes. Interestingly, we found that ligand would similarly cause
zeta phosphorylation. Thus, these studies demonstrate that DP thjnnocytes are
receptive to membrane signals, and that four of these membrane signalling
molecules are CD3,CD4,CDS, and TcR(q/3) .
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To understand the molecular basis for increased TcR expression on DP thymocytes
in response to CD4 engagement, we compared anti-CD4 induced and untreated DP
thymocytes. We found that anti-CD4 treatment resulted in a 3-5 fold increase in

TcR, but that this increase was not due to increased synthesis or assembly.
Rather, this increase was due to decreased degradation in DP thymocytes in
response to CD4 engagement. Thus, these studies have identified an unexpected
mechanism regulating TcR expression during development.

Publications :

Mizuochi T, Tentori L, Sharrow SO, Kruisbeek AM, and Singer A. Differentiation
of la- reactive CDS murine T cells does not require la engagement. Implications
for the role of CD4 and CDS accessory molecules in T cell differentiation. J.

Exp. Med. 19SS;168: 437-442.

McCarthy SA, Kruisbeek AM, Uppenkamp IK, Sharrow SO, and Singer A. Engagement of
the CD4 molecule influences cell surface expression of the T-cell receptor on
thymocytes. Nature 198S ; 336 : 76-79

.

McCarthy SA and Singer A. T-lymphocyte associative recognition. In Litwin SD,

Scott DW, Flaherty L, Reisfeld RA, and Marcus DM (Eds): Human Immunogenetics

:

Basic Principles and Clinical Relevance. Marcel Dekker, Inc. New York,
1989;pp399-442.

Zunia-Pflucker JC, McCarthy SA, Weston M, Longo DL, Singer A, and Kruisbeek AM.
Role of CD4 in thymocyte selection and maturation. J. Exp. Med.

Owen JJT and Singer A. Workshop summary: Thymocyte differentiation and positive
selection. In Janeway CA, Sprent J, and Sercarz E (Eds): Immunogenicity . Alan R.

Liss, New York, NY.
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SUMMARY OF WORK (Usa stanOaid unraducaa type. Da not exeaed tfw space ptmidad.)

This project has attempted to apply our understanding of the cellular mech-
anisms involved in in vitro anti-MHC responses to in vivo transplantation
responses. In studying skin allograft rejection, we have identified the
phenotype, specificity, and interaction capabilities of the T cells able to
initiate and effect in vivo rejection responses. Using allophenic skin
grafts, we found that the effector mechanism of skin graft rejection is itselfantigen- specific, and that defects in Th cell function result in longterm
retention of skin allografts despite the presence of antigen-specific effector
cells. In addition, we have assessed the cellular mechanisms mediating the
rejection of fetal pancreas and Islet cell allografts.
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Project Description

Major Findings :

We have been studying transplantation immunity as the in vivo analog of the

anti-MHC responses we had been examining in vitro. Consequently, our initial
focus was on determining the phenotype, function, and specificity of the T cells

that initiate and mediate in vivo rejection responses. We chose to first study
the rejection of skin allografts because skin allografts trigger the most potent
of all in vivo rejection responses, and because they are convenient to assess
and follow.

To directly identify the T cell populations involved in skin allograft rejec-
tion, we developed an adoptive transfer model in which H-2 nude mice were
engrafted with allogeneic skin and then reconstituted with T cells or T cell
subpopulations . In this experimental model the rejection of skin allografts was
shown to depend upon and be mediated by the adoptively transferred T cells

.

Skin allografts expressing whole MHC disparities were rejected by negatively
selected populations of either 004"*" or CDS"*" T cells. In contrast, class I

disparate skin allografts were only rejected by CD8"*" T cells, whereas class II

disparate and minor H disparate skin allografts were only rejected by CD4 T

cells. These results demonstrated that skin allograft rejection was not a

function unique to one phenotypic subset of T cells, but could be mediated by
either 004"*" or CDS"*" T cells, depending upon the class of histocompatibility
antigens the graft expressed. The functional capabilities expressed in vitro by
004"*" and CDS'*' T cells responding to a wide variety of different histocompati-
bility antigens was compared with their ability upon adoptive transfer to reject
skin allografts expressing those histocompatibility antigens. These studies
revealed that, without exception, skin allografts were only rejected by T cell
populations that contained, by in vitro assessment, both lymphokine secreting Th
cells and cytolytic Tk cells specific for the antigens of the allograft. Thus,
skin allograft rejection responses require the activation of antigen-specific,
lymphokine secreting Th cells and the generation of antigen-specific Tk cells.
Further studies demonstrated that these two functions could either be mediated
by distinct populations of interacting Th and Tk cells,, or, alternatively, could
be mediated by a single population of dual function T cells that both secrete
lymphokines and differentiate into cytolytic effector cells.

These studies strongly supported the concept that in vivo rejection responses,
once initiated by antigen-specific Th cells, are mediated by antigen-specific Tk
cells. However, they did not directly demonstrate that antigen-specific Tk
cells actually mediate the rejection process. Indeed, it was conceivable that
allograft rejection is effected by lymphokines secreted by antigen- specific Th
cells or DTH cells that either nonspecifically recruit inflammatory effector
cells or induce intense vasospasm, causing nonspecific ischemic necrosis of the
graft. To distinguish between antigen- specific and antigen-nonspecific effector
mechanisms of allograft rejection, we constructed B6<->A/J allophenic mice which
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are genetic mosaics whose individual cells express either H-2 or H-2^ deter-

minants, but not both. The fur of these B6<->A/J allophenic mice consists of

both black and white hairs, the black hair resulting from pigment donated by B6

(H-2^) melanocytes and the white hair resulting from A/J (H-2^) melanocytes that

are genetically unable to synthesize pigment. Skin from these allophenic mice

were grafted onto H-2 nude mice and rested for 1 month to permit the grafts to

regrow their black and white hairs. Because nude mice are immune incompetent,

the experimental grafts were not rejected. The animals were then reconstituted
with H-2 T cells responsive against the H-2^ cellular elements of the allo-

phenic grafts but tolerant to its H-2 elements. Within two weeks of the T cell

transfer, the grafts were enveloped by an intense non-specific inflammatory
response that caused all the hairs of the allophenic grafts to fall out.

Nonetheless, the allophenic grafts survived the inflammation, and, most
remarkably, regrew hair. The color of the regrown hair was overwhelmingly black,

the color of the syngeneic H-2 parent, providing visual proof that the effector
mechanism of skin allograft rejection destroys cells expressing allogeneic
histocompatibility antigens but spares cells that do not. Thus, the effector
mechanism of skin allograft rejection is MHC-specific and, therefore, mediated
by a Tk cell that assesses individual cells in the dermis of the graft for

expression of foreign histocompatibility antigens.

To examine the general applicability of these conclusions, we have also examined
the cellular basis by which fetal pancreas and islet allografts are rejected.
We found that the cellular mechanisms involved in the rejection of fetal pan-
creas allografts were identical to those involved in skin allografts. Further-
more, we found that fetal pancreas allografts did not undergo graft adaptation
despite a 9 month residence in an immunoincompetent host. In contrast, we found
that rejection of isolated islet cell allografts was solely dependent on CD4 T

cells. This finding raises a number of issues that will need to be clarified in

the future, including how CD4 T cells reject cells that lack MHC class II

expression, and why CDS T cells are unable to reject Islet cell allografts.

Publications :

Rosenberg AS, Mizuochi T, and Singer A. Evidence for involvement of dual
function T cells in rejection of MHC class I disparate skin grafts. Assessment
of MHC class I alloantigens as in vivo helper determinants. J. Exp. Med.
1988;168:33-46.

Rosenberg AS, Mizuochi T, and Singer A. Cellular interactions resulting in skin
allograft rejection. In Battisto JR, Plate J and Shearer GM. (Eds.): Cytotoxic T

Cells. Biology and Relevance to Disease. Annals N.Y. Acad. Sci. 1988;532:76-86.

Rosenberg AS and Singer A. Evidence that the effector mechanism of skin allo-
graft rejection is antigen specific. Proc. Natl. Acad. Sci. (USA).

1988;85:77397742.

Rosenberg AS, Weatherly B, Rose P and Singer A. Antigen specific effector
mechanisms in skin allograft rejection. Transplant. Proc. 1989;21:131-132.

465



ZOl CB 09275-02 E

Singer A and Rosenberg A. Immune mechanisms of tissue destruction in vivo. In

Hamaoka T, (Eds): The Immune System and Cancer. Proceedings of the 19th
International Symposium of the Princess Takamatsu Cancer Research Fund. Japan
Scientific Societies Press (JSSP) , Tokyo, Japan, 1989 ;pp 211-216.

Gill RG, Rosenberg AS, Lafferty KJ , and Singer A. Characterization of primary T

cell subsets mediating rejection of pancreatic islet grafts. J. Immunol. In

press

.
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SUMMARY OF WORK (Uia stantiaid unreduced typu. Oo not axcatd the space provkMd.)

Porcine class I major histocompatibility (MHC) genes have been introduced into the
genome of C57BL/10 mice in order to study their in vivo patterns of expression anc
to analyze the ability of their products to function. To date, four transgenic
animals containing distinct class I genes have been generated, and demonstrated to
transmit the transgene to progeny. One transgenic line which contains a classical
class I MHC gene (PDl) expresses SLA antigen on its cell surface and rejects skin
of normal C57BL/10 mice, indicating that the foreign SLA antigen is recognized as
a functional transplantation antigen. Expression PDl parallels that observed in
the swine, indicating that its expression is regulated. In vivo treatment of the
transgenic with or, y9- interferon increases PDl expression in a number of tissues.
This increase parallels that observed for the endogenous transplantation antigen,
K

,
but differs markedly from the differentiation antigen, Qa-2.

Two transgenic lines have been generated containing a swine class I gene, PD7

,

which is closely related to PDl. The two lines differ in the extent of non-coding
flanking sequence which has been introduced with the PD7 gene. Although both
strains contain the same class I MHC, their patterns of expression of that gene
differ. Analysis of PD7 expression in the two lines has revealed the, presence of
tissue specific enhancers and silencers associated with the gene. The PD7 antigen
expressed by both transgenic strains is capable of mediating graft rejection,
albeit with differing kinetics.
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Project Description

Major Findings :

Expression of individual class I genes is actively regulated: multiple genes

within the family show similar patterns and responses, whereas other class I

antigens, such as Qa and TL in the mouse, have been classified as

differentiation antigens because of their limited tissue distribution. In order

to further define the regulation of these genes, we are constructing transgenic
mice, containing individual class I MHC genes from the swine. The swine genome

contains seven class I MHC genes. To date, we have generated transgenic animals

for three of these genes. All of these have been demonstrated to transmit the

transgene and are currently being bred in order to establish lines. Three of

these strains, containing the two genes PDl and PD7 , have been sufficiently
established to allow studies on the expression of the genes.

Analysis of RNA from swine tissues revealed that both PDl and PD7 are expressed
at highest levels in lymphoid tissues, and at lower but varying levels in a

variety of other tissues, including thymus. Within the lymphoid compartment,
PDl expression is differentially regulated, as evidenced by the finding that PDl

is preferentially expressed in B cells. Analysis of RNA from PDl transgenic
mouse tissues reveals that the pattern of PDl expression, both qualitative and
quantitative, parallels that observed in situ. Thus, regulatory elements
necessary for the normal expression of PDl are contained within the 9 kb pig DNA
segment which was introduced into the transgenic mouse. The PDl transcripts
present in the transgenic animal are functional, as evidenced by the fact that
SLA antigen is observed on splenocytes, lymph node cells, and PBL. Furthermore,
skin grafts of transgenic donors onto normal mice are rejected, indicating that
the SLA antigen can trigger graft rejection.

Since PDl is interferon-responsive in transfected mouse L cells, its response to
interferon in the transgenic animal was examined. Interferon induced PDl
expression in a variety of tissues, with the largest effects observed in the
brain and heart; lower effects were observed in other tissues, with the
exception of the kidney where there was no response. Within the lymphoid
compartment, PDl was induced to the same extent in both B and T cells. From
these data we conclude that the DNA sequence elements necessary for in vivo
interferon response are present within the transgene and that tissue specific
elements determine the extent of the response.

Two lines of transgenic mice containing the PD7 gene were generated from two DNA
constructs which differed in the extent of 5' flanking sequences adjacent to the
patterns of expression were grossly similar between the two. However, there
were marked differences in the relative levels of expression of PD7 between the
two lines. In some tissues, such as kidney and liver, both constructs were
expressed equally. In other tissues, such as heart and skin, the shorter
construct was preferentially expressed. The observation that the construct
containing additional 5' flanking sequences is expressed less efficiently than a
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shorter one suggests the presence of a negative regulatory element associated
with the PD7 gene. The fact that equivalent expression occurs in some tissues
further indicates that this is a tissue -specific element. In contrast, it was
found that in the brain, transgenics containing the longer construct express
greater amounts of the PD7 gene, indicating the presence of a brain- specific
enhancer

.

Both lines of transgenics are capable of mediating graft rejection. Thus, the

PD7 antigen is expressed and functions as a transplantation antigen. However,

such grafts are rejected more slowly than those containing the PDl antigen.

Furthermore, grafts with the longer PD7 construct are rejected more slowly than
those with the shorter construct, consistent with the observed differences in

amount of RNA in the skin of the two lines.

Studies are currently underway to identify and characterize the DNA sequence
elements which regulate PD7 expression.

Publications :

Ehrlich R, Maguire J and Singer DS . Effects of in vivo interferon treatment on
class I MHC gene expression in transgenic mice. Immunogenetics 1989; in press.

Singer DS , Frels W and Ehrlich R. Regulation of expression of a class I MHC
transgene. in Transgenic Animals, ed. N. First, Butterworth Press, Stoneham, MA,

1989 ; in press.
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The goal of this project is to identify and characterize B lymphocyte subpopula-
tions and membrane molecules. Monoclonal antibody Fl-10 detects a determinant
(termed Ly-39.1) preferentially expressed on activated B lymphocytes. Expression
peaks 60 hours after activation using LPS. The Ly-39.1 determinant is also
expressed on splenic B lymphocytes and a subpopulation of bone marrow cells but at
much lower levels and is absent from thymocytes, splenic T lymphocytes, and
activated T lymphocytes. Mapping studies using BXD recombinant inbred mice
indicate a gene controlling expression of the Ly-39.1 determinant is located on
chromosome 17 between hbap-4 and acry-1. These results together with a unique
strain distribution pattern suggest that Ly-39.1 is detecting a previously
undescribed determinant selectively expressed on activated B lymphocytes which may
be a receptor for lymphokines . A new hybridoma screening method has been
developed using particle concentration fluorescence which is capable of detecting
antibodies binding to molecules which are expressed at very low levels (100-300)
molecules per cell)

.
Studies of B lymphocyte subpopulations indicate that large

"activated" B lymphocytes obtained directly from mice or B lymphoblasts induced in
vitro with F(ab')2 anti-mu and lymphokines. Proliferation was augmented 2-4 fold
while antibody production was augmented 4.-5 fold. This effect was specific for
"activated" B lymphocytes in that other cell types did not have this effect.
Kinetic experiments revealed that the augmenting signal was effective after

j

stimulation via antigen receptors but prior to the effects of lymphokines. The
,

augmenting effect does not appear to be genetically restricted. Investigation of
' the nature of the signal revealed that neither supernatants nor plasma membranes
from activated B cells alone augmented responses but both together did. These
studies suggest that interactions between B lymphocytes are important in
regulating humoral immune responses.
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Project Description

Major Findings :

A rat IgG2B,k mAb has been obtained which binds selectively to LPS stimulated B

lymphoblasts . A majority of normal spleen B cells and 10-20% of bone marrow
cells are also weakly positive (10-20 fold less). Thymocytes, normal T cells

from spleen, and Concanavalin A stimulated T lymphoblasts are negative.
Expression of the Fl-10 antigen peaks 60 hrs after stimulation with LPS and the

kinetics of expression differ from those of sIgM, sIgD, Fc receptors and la

antigens

.

Monoclonal anti-Fc7R and IgG anti-MHC class II antibodies inhibit binding of Fl-

10, while IgG anti-class I and IgM anti-class II antibodies do not. However,

FC7R and Fl-10 expression are discordant on certain tumor cell lines as well as

in the kinetics of expression after LPS stimulation. Thus, these 2 molecules
are probably not identical but may be associated.

Typing of LPS blasts from various mouse strains for Fl-10 expression reveal that

DBA/2, DBA/1, AKR/J , NZB , MRL, and BXSB are intermediate or high expressors
while C55BL/10, A/J , Balb/c , and C57L are low or negative for expression. This

is a unique strain distribution pattern.

Mapping studies using BxD recombinant inbred mice reveals that a gene control-
ling expressing of the Fl-10 determinant is located on chromosome 17 between
hbaps-4 (3 mismatches in 22 strains) and acry-1 (3 mismatches in 20 strains)

.

It was concluded from the tissue distribution, kinetics of expression, strain
distribution, and mapping studies that Fl-10 detects a previously undescribed B

Ijrmphocyte membrane molecule. The data are consistent with the possibility that
this molecule is a lymphokine receptor.

Many molecules of importance on the B l3nnphocyte surface may be expressed at

very low levels. Thus, it is important to develop a method which detects
monoclonal antibodies specific for such molecules. We have recently
successfully adapted particle concentration fluorescence immunoassay for use as

a screening procedure. For this assay, lymphocyte aliquots are first incubated
with supernatants from the clones to be screened (or known rat antibodies as

controls) followed by FITC-mouse anti-rat Ig. The labeled cell samples are then
loaded into specially designed plates which have 96 wells each of which has a

0.2 filter bottom. Protein coated 3.4 polystyrene beads are added to allow
efficient filtration, the cells are filtered onto the bottom of the wells by
application of vacuum, and total cell bound fluorescence in each well rapidly
determined by front- surface fluorometry (i.e. fluorometry of the surface of the

filter) . Using rat monoclonal antibodies specific for know B lymphocyte surface
molecules, we have been able to detect as few as 10 (and reproducibly 3x10 )

molecules among 10 cells so that theoretically we can identify monoclonal
antibodies which are specific for molecules whose expression is as low as 100-

300 molecules per cell.
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This screening system has been used to identify several rat monoclonal
antibodies which appear to bind to activated but not resting B lymphocytes.

These antibodies are currently being further characterized.

•3

Purified (96% sig positive, 0.1% T cells, 0.1% macrophages) small (120 diam)

dense (>1.087) normal B lymphocytes are poor responders to a variety of

polyclonal stimulators including LPS and F(ab')2 anti-mu with or without
lymphokines

.

Taken together with the fact that these cells have low background proliferation
and antibody production, they are considered "resting" B cells. In contrast,

purified (95% sIg positive, 0.5% T cells, 0.5% macrophages) large (170 -* diam)

less dense (1.075-1.081) normal B cells have higher background proliferation and
antibody production, are brisk responders to the above stimuli and are

considered "activated". Addition of the "activated" B cells (irradiated with
4000 R to prevent responses) to cultures of "resting" B cells stimulated with
F(ab')2 anti-mu and lymphokines significantly augmented the responses of the

latter cells (2-4 fold for proliferation and 4-5 fold for PFC responses). Using
50,000 resting B cells, titrations revealed that 10,000 irradiated activated B

cells were sufficient to maximally augment responses. Additionally, F(ab')2
anti-mu induced B lymphoblasts demonstrated similar augmenting capacity. This

activity was not found in other cell types including resting B lymphocytes,
thymocytes, concanavalin A induced lymphoblasts or macrophages.

The augmenting activity of activated B lymphocytes appeared to be unique. Thus,

increasing the amount of T lymphocyte -derived lymphokines would not substitute
for this activity. Moreover, a series of time course and delayed addition
experiments revealed that the activated B cells provided augmentation if added
simultaneously or 24 hrs after but not 24 hrs before or simultaneously with T
lymphocyte derived lymphokines but not 24 hrs after. Thus the sequence of
signals appears to be: anti-mu - activated B lymphocytes - lymphokines.

No evidence for genetic restriction of the functional interaction between
"activated" and "resting" B cells was obtained. Thus, mixing experiments using
DBA/2 and BIO B cells revealed equal augmentation in syngeneic and allogeneic
mixes. Similarly, (B6D2)F1 resting B cells were augmented equally by activated
B cells from B6 , DBA/2

,
(B6D2)F]_, or mixtures of B6 and DBA/2. Finally, anti-la

antibody did not block augmentation.

Supernatants from activated B cells were prepared as well as plasma membranes
from these cells and both were tested for augmenting activity. Neither the
supernatant nor the membranes alone provided augmentation. However, a mixture
of both did reconstitute the augmenting activity, while activated B cell
supernatant plus thymocytes or thymocyte plasma membranes did not. Thus, the
augmenting activity appears to have two components, one soluble and one membrane
bound

.

Publications :

Park E, Principato MA, Lamers MC, Dickler HB. Ly-39: a new lymphocyte
alloantigen defined with a monoclonal antibody. Immunogenetics 1988;28:64-66.
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A previously unidentified sub-family of H-2 class I genes, consisting of at least
two members, has been identified in the genome of the C57BL/10 mouse. One of these
novel genes, Mbl, has been extensively characterized. Using a series of
recombinant strains of mice, Mbl has been mapped telomeric to the Qa locus. DNA
sequence analysis of Mb2 demonstrates that the exonorganization of this gene
resembles that of other class I genes. However, the level of DNA sequence homology
of Mbl to other H-2 genes is no greater than to human, pig, or rabbit class I

genes. Furthermore, the over-all organization of Mbl is more similar to man and
pig that to mouse. These data suggest that Mbl may represent a direct descentant
of a primordial class I gene, which antedates speciation.

Despite the extensive divergence of Mbl from the rest of the H-2 class I gene
family, Mbl has open reading frames and legitimate splice sites throughout,
enabling it to encode a transmembrane protein. However, Mbl is not detectably
expressed in a variety of cell lines or adult somatic tissues. The only evidence
for possible Mbl expression is in activated T cells. Introduction of full-length
Mbl into mouse L cells does not result in its transcription. However, constructs
containing truncated 5' flanking sequences are expressed.
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Project Description

Major Findings :

Many of the class I MHC gene of the mouse have been previously identified and

characterized as transplantation antigen genes or closely related differen-

tiation antigen genes. However, there is at least one sub- family of class I

genes which is highly divergent from the rest. We have conducted a careful study

of the structure and expression of one of the members, Mbl, of this new sub-

family.

DNA sequence analysis of Mbl revealed that it consists of five exons , encoding a

leader, three extracytoplasmic domains, and a transmembrane domain and
intracytoplasmic anchor. No exons 6,7, or 8 were found. All exons contain open
reading frames and conserved splice sites. The gene terminates in a poly A
addition site. At the 5' end, canonical promoter elements were found. Comparison
of the Mbl sequence with other class I genes revealed an average homology of

about 60% in the exons and about 30% in the introns . Mbl is no more related to

mouse class I genes than to those of other species. Analysis of the exon/intron
organization of Mbl gave rise to the surprising finding that Mbl is more like

non-murine genes than other murine genes. These observations lead to the

speculation that Mbl has evolved from an ancestral gene which antedates
speciation and that Mbl has not participated in the various gene conversion
events that have occurred within the rest of the class I family.

Using a series of recombinant mice, it has been possible to demonstrate that Mbl
maps to the right of the Qa locus. The precise location is unknown, since the

appropriate recombinants are not available.

Although Mbl by DNA sequence analysis appears to have the capacity encode a

product, it has not been possible to identify such a product. Mbl transcripts
are not detected by direct Northern analysis in a variety of lymphoid and non-
lymphoid lines which have been analyzed. Adult somatic tissue similarly does not
express Mbl. The only cell type in which some Mbl expression is detected is in
activated T cell populations. The relationship between Mbl expression and T cell
activation is currently under investigation. Introduction into L cells of the
Mbl gene within the 17 kb genomic fragment of DNA in which it was isolated does
not result in the expression of the gene. However, introduction into L cells of
a 3.5 Kb derivative, containing all of the Mbl coding sequences, does generate
Mbl transcripts. These observations suggest the present of a negative regulatory
element associated with Mbl flanking sequences. The product of Mbl remains to be
identified; the function of this product, if any, remains to be determined.

Publications :

Singer D, Hare J, Golding H, Flaherty L, and S. Rudikoff. Characterization of a
new subfamily of class I genes in the H-2 Complex of the mouse. Immunogenetics
1988;28:3-21.
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SUMMARY OF WORK (Use stanOard unreduced type. Do not exceed the space provided.)

The mechanism of T cell activation has been studied employing both cloned T cell
populations and naive heterogeneous T cell populations. Comparison has been made of
T cell stimulation by antibodies directed to V region determinants on the T cell
receptor, T cell activation by specific antigen, and T cell activation by non-
receptor-mediated signaling. It has been demonstrated that both cloned and naive T
cells can be triggered by the monoclonal antibody F23.1, directed toward V^8 deter-
minants on the T cell receptor. Naive Lyt2'^ T cells were activated to proliferate ir
the presence of soluble F23.1, IL-2, and accessory cells. Under the same conditions,
L3T4 naive T cells were unresponsive. These findings thus demonstrated a difference
in the activation requirements of T cell subpopulations triggered through T cell
receptor determinants. Specific "targeting" of the T cell receptor to accessory cell
structures by heteroaggregates of F23 . 1 coupled to monoclonal anti-la antibody were
in contrast, capable of activating both Lyt2''' and L3T4''" T cell subpopulations.

The role of endogenous lymphokines in T cell activation has been demonstrated.
The proliferative response of type 2 T helper clones is inhibited by antibody
specific for the lymphokine IL4, which is produced by these clones. This demon-
strates that IL4 acts as an autocrine growth factor for these T cells. In addition,
IL4 mRNA levels corresponding to a number of activation genes are inhibited by the
presence of anti-IL4 antibody during T cell activation. In contrast, the level of
mRNA is actually increased in the presence of this antibody, suggesting that an
endogenous ly produced IL4 may normally down regulate its own gene transcription. The
regulation of IL3 , IL4, IL5 , and GM-CSF lymphokine gene expression by type 2 helper
clones was studied in more detail, using multiple inducing stimuli and pharmacologic
inhibitors. It was found that independent (non-coordinate) regulation of discrete
lymphokine genes can occur and is dependent upon the nature of the inducing stimulus
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Major Findings :

1. Activation of Naive T Cells.

Naive splenic T cells were fractionated by treatment with anti Lyt2 or L3T4 plus

complement. Unfractionated or fractionated T cell populations were then
cultured in the presence of stimuli including F23.1 soluble antibody, sepharose-

bound F23.1, anti Thyl.2 antibody, Con A, recombinant IL-2, or heteroaggregates
of F23.1 linked to other monoclonal antibodies. Vigorous proliferation was

induced in unfractionated or Lyt2"'' T cells by soluble F23.1 in the presence of

IL-2 and accessory cells. In contrast no significant proliferative responses

were observed in L3T4''" T cells. In contrast, the Fab of F23.1 covalently linked

to the Fab on anti-A ^.A^o antibody was capable of activating Lyt2"'" or L3T4"'" T

cells even in the absence of IL-2 but in the presence of k^ A o-positive
accessory cells. This activation mediated by heteroaggregate antibody required
specific targeting by covalently linked antibodies, and was not due to the

independent effects of F23.1 and anti la antibodies. Proliferation of naive T

cells was also induced by antibodies to a component of the T3 complex, in the

absence of exogenous lymphokine . Under these conditions, proliferation was

substantially inhibited by antibodies to IL-2 or to IL-4, suggesting a possible
role of endogenously produced lymphokines in the proliferative response of T

cells to this stimulus. Activation of naive T cells was also assessed by the

measurement of gene induction. Increased levels of myc and IL-2 receptor mRNA
were induced in response to anti-T3, F23 + IL-2, or Con A.

2. Activation of Cloned T Cells.

F23.1 (V/38) expressing T cell clones could be triggered to proliferation in the
presence of F23.1 soluble antibody and accessory cells. In these circumstances,
there was no requirement for specific recognition of MHC determinants on
accessory cells by responding T cell clones. Re-targeting by heteroconjugate
antibodies also produced enhanced proliferative responses by T cell clones and
was again specific for cross linking of T cell receptor structures to

determinants on the surface of accessory cells. F23.1 antibody immobilized
either on plastic tissue culture wells or on polystyrene beads was capable of
activating cloned T cells in the absence of accessory cells or exogenous
lymphokines

.

3. Function of Endogenous Lymphokines in T Cell Activation.

Cloned T helper cells produce a number of now well characterized lymphokines and
in addition are themselves responsive to a number of lymphokines. One class of
T cell clones, termed type 2, produces IL4 and is induced to proliferate in
response to exogenous IL4. The fact that IL4 acts as an autocrine growth factor
for these cells was demonstrated. Proliferation and T cell activation were
induced by immobilized antibodies specific for the T3 complex of the T cell
receptor. Under these conditions, proliferation was blocked by the presence of
antibody to IL4 . Activation of other genes including the proto-oncogenes c-myc
and c-myb were also inhibited by the presence of anti-IL4 antibody. T cell
activation mediated through the T cell receptor complex is thus dependent upon
an autocrine role of IL4. In contrast to these inhibitory influences, it was
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observed that the presence of anti-IL4 antibody resulted in a significant

increase in steady state IL4 mRNA levels. These latter data suggest that the

presence of endogenously produced IL4 normally down regulates the production of

further IL4, and that it does so at the level of gene transcription or of

message stabilization. It was found that the pattern of lymphokine genes

expressed by type 2 T helper clones was dependent upon the stimulus used to

activate the T cells. Some lymphokine s , such as IL5 , were induced in response

to anti-CD3 as well as in response to recombinant IL2 stimulation, whereas IL4

gene expression by the same clone was induced by anti-CD3 but not recombinant

IL2 . Studies employing the pharmacologic agents cyclohexamide and cyclosporine

A confirmed that IL4 and IL5 genes could be induced through independent Proposed

Course of Project :

The consequences of T cell binding by anti receptor antibodies will be studied

at a biochemical level. Influences of receptor binding on early gene

activation, ion flux and IL-2 receptor expression will be assessed. The role of

exogenous as well as endogenously produced lymphokines on T cell proliferation

and specific gene induction will also be evaluated.

Publications :

Hathcock KS , Segal DM, and Hodes RJ . Activation of Lyt2"^ (CD8+) and L3T4'^ (CD4"*")

T cell subsets by anti-receptor antibody. J. Immunol. 1989;142:2181-2186.

Bonvini E, DeBell KE, Kolber ME, Hoffman T, Hodes RJ , and Taplits MS. Hydrolysis

of inositol phospholipids induced by stimulation of the T cell antigen receptor

complex in antigen- specific , murine T cell clones: requirement for exogenous
calcium. J. Immunol. 1989, in press.
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SUMMARY OF WORK (Use stanOartS unreOuceU type. Do not exceed the space provided.)

Spleen cells from Mrl-lpr mice gradually develop a loss of 004"*" T helper cell
function that is age-dependent which is concomitant with the appearance of anti-
DNA antibodies and of suppressor cells that selectively suppress only CD4'^ T
helper cell function. These suppressor cells were found to be T lymphocytes of
the L3T4 phenotype. This observation contrasts with MRL +/+ mice that exhibit
none of the above effects were observed during the same time period.

Sixteen of twenty human patients with SLE exhibit a similar selective loss of CD4
T helper cell function, which suggests a similarity between the immunological
changes that occur in the murine Ipr model of antoimmunity and SLE in humans.
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Project Description

Major Findings :

Based on our findings that mice undergoing the autoimmune form of GVH (see

#05088) exhibit a selective defect in CD4 T helper cell function, and generate
suppressor cells that are selective for CD4"'" T helper cells, we have tested
whether mouse strains that make anti-DNA antibodies naturally exhibit a

selective defect in CD4''" T helper cell function and generate suppressor cells

that selectively suppress 004"*" T helper cells. We found that spleens of two-

month old MRL-lpr mice exhibited normal T cell functions, whereas four-and six-

month old MRL-lpr mice exhibited both deficient CUW^ T helper cell function and
suppressor cell activity selective for 004"*" T helper cells. MRL +/+ mice of the

same ages did not exhibit these defects. These results raise the possibility
that anti-DNA antibody production activates this unusual suppressor cell
population which is an attempt to down- regulate 004"*" T helper cell function.

Recent studies suggest that other models of B cell hyperactivity including B

cell activation by lipopolysaccharide or the natural B cell hyperactivity that

occurs in aging SJL/J mice are associated with selective suppression of CD4 T

helper cell function. Studies with PBL from patients with SLE also exhibited a

loss in CD4''' T cell function in 16 to 20 patients tested.

Publications :

Via CS , Shearer GM. T-cell interactions in autoimmunity: Insights from a murine
model of graft-versus-host disease, Immunol. Today 1988;9:207-213.

Via CS , Shearer GM. T cell immunity to hapten-modified self in normal and
autoimmune conditions. In R.W. Estabrook, E. Lindenlaub, F. Oesch, and A.

DeWeck (Eds.): Toxicological and Immunological Aspects of Drug Metabolism and
Environmental Chemicals. Symp . Medica Hoechst 22, F.K. Schattauer
Verlag: Stuttgart, 1988; pp 185-194.

Via CS , Shearer GM. Autoimmunity and the acquired immunodeficiency syndroms.
Current Opinion of Immunology 1989; in press.

Via CS, Shearer GM. Functional heterogeneity of L3T4"'' T cells in MRL-lpr/lpr
mice. L3T4 T cells suppress major histocompatibility complex self-restricted
L3T4"'" T helper cell function. J. Exp. Med. 1988;168:2165-2181.
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Depletion of human peripheral blood leukocytes (PBL) of Leu MS"*" cells by adherence
to plastic and Sephadex GIO results in the abrogation of proliferative ( H) and
cytotoxic T lymphocyte (CTL) responses to influenza A virus (FLU) , but in an
elevation of -^H and CTL responses to HLA alloantigens (ALLO) . This loss of the
FLU T cell response was attributed to removal of antigen-presenting cells (APC)

,

whereas the elevation of the ALLO response was shown to be due to a suppressor
cell (or a suppressor inducer cell) that is contained in the Leu M3"'' adherent cell
population. Suppressor activity was inactivated by culturing either
unfractionated PBL or adherent cells with viruses, including influenza A,

adenovirus or vaccinia virus. The suppressor activity was attributed to a
soluble factor produced by Leu M3''' cells.

.AM.
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Project Description

Major Findings :

PBL from HIV"*" donors were studied for their ability to generate proliferative
and CTL responses to HLA alloantigens . PBL from approximately 70% of HIV
donors generated weak or only marginal CTL responses to ALLO , whereas they
generated strong CTL responses to FLU in the same experiments. PBL from the

other 30% of donors generated strong ALLO CTL responses. The phenomenon was
donor -selective in that those donors who were poor CTL responders to ALLO
remained poor responders for more than two years, and poor responsiveness was

observed irrespective of the source of ALLO stimulators and irrespective of

whether a single donor or a pool of ALLO stimulators was used. Proliferative
responses to ALLO were also reduced, but not as much as CTL responses. The ALLO
CTL responses of these weak responders was elevated to the levels observed for

FLU- specific CTL in the same donors and to the levels observed for ALLO
responses in many HIV"*" donors and AIDS patients, by procedures that removed
macrophages from the responder population. Addition of irradiated, autologous
unfractionated PBL or irradiated, autologous macrophage -enriched PBL suppressed
the level of CTL activity to that of unfractionated PBL.

The fact that this suppression appeared to affect ALLO CTL, but not FLU CTL
activity prompted us to question whether influenza virus in some way abrogated
suppressor cell activity. We found that suppressor cell activity was abolished
by incubation of PBL with influenza virus, as well as by adenovirus or vaccinia
virus. Furthermore, we found that the suppression was mediated by a filterable,
soluble material that is produced by the macrophages

.

Publications :

Bernstein DC, Shearer GM. Suppression of human cytotoxic T lymphocyte responses
by adherent peripheral blood leukocytes. Ann. N.Y. Acad. Sci. 1988;532:207-213.

Muluk SC, Bernstein DC, Shearer GM. A virus -sensitive suppressor cell is

involved in the regulation of hioman allospecific T cell immunity. J. Immunol.
1989; in press.
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Ethanol enhances expression of cell surface class I major histocompatibility
complex (MHC) antigens in a variety of cell lines; up to an eightfold increase is

observed in an embryonic cell line. Increased cell surface expression, following
alcohol treatment, occurs with a concomitant increase in steady- state RNA levels.
Measurement of class I MHC antigen on peripheral blood lymphocytes in acutely
ethanol intoxicated patients showed a highly significant increase over controls.
Ethanol treatment of mice results in elevated blood alcohol levels and markedly
changes in both class I MHC expression and splenic cellularity. The alcohol
response in mice consists of two temporally distinct phases, one of which is

genetically controlled.
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Project Description

Major FindinES :

Treatment of a variety of cell lines, including thymomas, fibroblasts, and

embryonic cells, with ethanol increases the level of class I MHC gene expression
on their cell surface. It has been demonstrated that intracellular protein
synthesis increases, as do steady state RNA levels.

These observations led to the speculation that in vivo, ethanol may also induce

increased levels of class I MHC gene expression, which might lead to auto- immune

components in alcohol -related diseases. A group of acutely intoxicated patients
was tested for PBL class I MHC levels. It was found that there is a significant
increase in the level of cell surface expression of class I antigens in the

patient population, relative to normal controls. In contrast to the

observations in cell culture, no increases in class II levels were noted.

To pursue the in vivo effects of ethanol, a murine model of alcoholism has been
established. Congenic mouse strains, which differ only in their MHC locus, were
found to differ in their responses to ethanol ingestion. Whereas both strains of

mice consiome equivalent volumes of Lieber-DiCarli diet and have
indistinguishable blood alcohol levels (250-350 mg/dl) during the first two

weeks of treatment, splenocytes from the BIO. A strain show marked decreases in

class I expression whereas there is no change in class I levels of BIO

splenocytes. After three to four weeks, an elevation in splenic class I levels
is observed in both strains of mice. However, the treated BIO. A mice never
exceeded the levels of the matched controls, whereas the BIO mice did.

By other parameters, the two strains of mice are indistinguishable in their
responses. In both the BIO and BIO. A mice, a lO-fold depletion in spleen cell
number occurs within the first 2-3 weeks of ethanol- treatment. This depletion
largely spares Thyl cells, namely NK cells and T lymphocytes, which increase
from 15-20% of the total spleen population to 50%. The spleen cell loss is

accompanied by a dramatic shrinkage in size. By 3-4 weeks, the spleen has been
repopulated such that it contains as many cells, if not more, than the control
and has increased to its original size. Increased class I mRNA levels occur in

both strains of mice in liver, but not in brain.

Publications :

Kolber M, Walls R, Hinners M, and Singer D. Evidence of increased class I MHC
expression on human peripheral blood lymphocytes during acute ethanol intox-
ication. Alcoholism: Clinical and Experimental Research 1988;12:820-822.

Singer DS , Parent LJ , Kolber MA. Ethanol: An enhancer of transplan- tation
antigen expression. Alcoholism: Clinical and Experimental Research 1989; in
press

.
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A number of observations have suggested that host lymphocytes, specifically cyto-
toxic T cells (CTL) may play a significant role in mediating allogeneic marrow
graft rejection. In a murine model system, CTL were cloned from the spleens of

sublethally irradiated animals which had rejected MHC disparate marrow grafts. It

was found that cloned CTL were sufficient to effect rejection of T cell depleted
allogeneic marrow in lethally irradiated animals. The rejection of marrow grafts
by CTL was specific for the MHC gene products expressed by the marrow cells and
correlated with the cytotoxic specificity of the individual clones. Since CTL can
therefore reject marrow grafts, the administration of anti-CD3 monoclonal antibody
in vivo has been studied as a means to enhance engraftment of T cell depleted
marrow in sublethally irradiated murine hosts. Cloned xenospecific human CTL have
also been directly evaluated for their ability to mediate tissue damage in vivo
and were found to mediate tissue injury with specificity for MHC antigens of the
murine host. The fine specificity of xenoantigen recognition by human T cells
suggest that in transplantation of xenogeneic tissue, as in transplantation of MHC
mismatched allogeneic tissue, the particular tissue antigens, and therefore tissue
typing, may be a relevant consideration. The generation of human CTL has been
characterized and certain essential cellular interactions in that generation have
been identified. In addition, the mechanisms for the blocking effects of mono-
clonal antibodies specific for the CD2 (sheep red blood cell receptor), CDS, and
CD18 (LFA-1) molecules expressed on the surface of human CTL have been investi-
gated. Results indicate that the inhibition by anti-CD2 antibody did not occur in

the absence of target cells, consistent with the interpretation that this antibody
exerts its blocking effect by interfering with a CD2-ligand interaction. However,
results with anti-CD8 and anti-CD18 monoclonal antibodies indicated that inhibi-
tion by these agents could not be explained by simple disruption of a T cell
receptor-target cell ligand interaction.
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Project Description

Major Findings :

The purpose of these studies was to directly assess the ability of murine CTL

from irradiated hosts to reject allogeneic marrow grafts. First, the maximum
dose of radiation which still allowed an effective rejection response by the

host was determined. By an lUDR uptake assay of splenic marrow cell
proliferation, this dose was found to be 650-750 cGy. Lymphocytes were then

isolated and cloned from spleens of B6(H-2 ) mice seven days after they had
received 650 cGy radiation and inoculation with either BDFl (H-2°/^) or B6C3F1

(H-2 / ) marrow which had been depleted of T cells by rabbit anti-mouse brain
antiserum plus complement. The clones which were recovered were Thy 1+, LyT 2+,

L3T4- with cytolytic specificity for the allogeneic MHC-encoded determinants of

the marrow donor. No NK activity could be identified. It was found that these

clones suppressed MHC mismatched marrow graft proliferation (measured by lUdR

uptake) when adoptively transferred into a 1025 cGy lethally irradiated B6 host

if and only if the grafted marrow cells expressed MHC determinants for which the

individual clone had cytotoxic specificity. Two primary questions were then

addressed. The first was the effect of these CTL cells on long term engraftment

and the second was the mechanism by which they exerted their effect. Results

demonstrated that (1) a cloned CTL population is sufficient to reject an allo-

geneic marrow graft, and (2) the mechanism by which these marrow grafts were

rejected was specific for MHC gene products expressed by the donor marrow
corresponding to the cytotoxic specificity of the clone.

With the demonstration that CTL are sufficient to effect marrow graft rejection,

a study was undertaken to evaluate the possible beneficial effects of anti-CD3
treatment on marrow engraftment in a mouse model (parallel to anti-CD3 mono-

clonal antibody treatment which is currently available for clinical use in

allogeneic organ transplantation) . The antibody used is specific for the e

chain of the murine CD3-T cell receptor complex, can suppress skin graft rejec-

tion, and can cause both short term and long term in vivo T cell dysfunction. T

cell immunosuppression is pronounced at one week after administration of the

antibody. It was found, however, that in vivo treatment with anti-CD3
administered seven days before infusion of bone marrow did not enhance engraft-
ment of allogeneic marrow in sublethally irradiated hosts. Therefore, immuno-
suppression provided by treatment with anti-CD3 monoclonal antibody was not
sufficient to prevent rejection of the marrow graft. More recent studies have
demonstrated that administration of anti-CD3 to mice results in T cell activa-
tion within hours of administration, manifest by increased IL-2 receptor
expression and by enhanced proliferation of spleen cells from treated animals to

exogenous IL-2 in vitro. This activation also results in secretion of colony
stimulating factors (CSF) detectable in the serum and produces extramedullary
hematopoiesis in the spleen. These results indicate that it may be beneficial
in terms of marrow stimulation and engraftment to time the injection of allo-
geneic marrow so that it is present during this period of T cell activation in

order to provide the possible benefit of factors which stimulate hematopoiesis.
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Information about human CTL generation, specificity, and in vivo function is not

as extensive as in the case of murine CTL. These studies of human anti -mouse

CTL responses indicate that both CD4-I- and CD8+ helper pathways function in the

generation of hiaman CTL responses and that there exists a dependence on the

presence of human antigen presenting cells. Additional experiments were carried
out to characterize the human effector CTL subsequent to its generation. CTL

lines and clones were established from a secondary mixed l3miphocyte response in

which the responder cells were human and the stimulators were H-2 murine
splenocytes. These human xenoreactive CTL were able to distinguish wild type K
molecules from those altered in their amino acid sequence by in vitro muta-

genesis. Such amino acid changes were confined to a single domain and so

demonstrated a fine specificity of recognition by human CTL comparable to the

specificity of recognition of K determinants by alloreactive murine CTL. This

fine specificity of antigen recognition by human CTL across species predicts
that the recognition by host CTL of MHC encoded antigens expressed by a xeno-

graft would be expected to be comparable in specificity to the recognition of

MHC antigens expressed by an MHC mismatched allograft.

These xenoreactive CTL populations were also used to evaluate whether isolated
human CTL can mediate tissue injury in vivo. Human CTL were injected intrader-
mally into murine hosts which either did or did not express the MHC determinants
for which the cytotoxic populations were specific. In all instances in which an
anti-H-2 human CTL line or clone was injected into an H-2 host, anatomical and
histological changes developed. Anatomical lesions were first detected at 48

hours with progression to eschar formation by 96 hours. Histologically, exocy-
tosis and toxic epidermal necrolysis was present at 48 hours with lymphocytic
infiltration into the epidermis.

To investigate the blocking of CTL function by monoclonal antibodies , we have
carried out blocking studies with CD2 , CD3 , CD8 , and CD18 specific monoclonal
antibodies in vitro. Each of these antibodies demonstrated some ability to
inhibit the generation or function of CTL. The CD2 , CDS, and CD18 molecules
expressed on T cells are generally felt to function through the binding of
ligands expressed by target cells. These ligands are LFA-3, Class I MHC deter-
minants, and ICAM-1, respectively. The ability of monoclonal antibodies
specific for CD2, CDS, and CD18 to block CTL function is therefore felt to be
through a disruption of the normal interactions of these molecules with ligands
on the stimulator/target cell. To investigate whether disruption of receptor-
ligand interaction is in fact the mechanism of action of blocking by these
agents, an assay of CTL function was developed which is independent of target
cells. Two antibodies blocked in this system, anti-CD8 and anti-CDlS. The
ability of anti -CDS to block, together with results obtained in blocking the
killing of Class I negative targets, makes it unlikely that the mechanism of
inhibition depends on a disruption of a CDS-target cell Class I interaction. In
addition, a CD8+, Class II specific CTL clone, which was also blocked in the
target cell -independent assay system, was not blocked by anti-CDS monoclonal
antibody in its lysis of target cells expressing the Class II antigen for which
it is specific, suggesting that CDS specific antibody does not inhibit CTL
function by generating an absolute off signal. There was profound inhibition by
anti-LFA-I (CD18) . Secretion induced by ionomycin +/- PMA was not inhibited,
thereby demonstrating that the antibody did not act at the level of secretion.

486



ZOl CB 09287-02 E

These experiments strongly suggest that anti-LFA-1 inhibition, which has been
utilized to a limited extent clinically in allogeneic bone marrow transplan-
tation, may involve more than a disruption of the CD18 - ICAM-1 pathway of

adhesion.

Publications :

Hirsch R, Gress R, Pluznik DH, Eckhaus M, and Bluestone JA. Effects of in vivo
administration of anti-CD3 monoclonal antibody on T cell function in mice II. In

vivo activation of T cells. J. Immunol. 1989;142:737-743.

Quinones RR, Segal DM, Henkart P, Perez P, and Gress RE. Anti-CD8 monoclonal
antibody inhibition of cytotoxic T cell lysis of nominal antigen negative
targets: studies with CD- 3 redirected cytotoxicity. J. Immunol. 1989 ; 142 : 2200-

2206.

Hirsch R, Chatenoud L, Gress RE, Bach JF, Sachs DH, and Bluestone JA.

Suppression of the humoral response to anti-CD3 mAb by pretreatment with anti-

CD4. Trans. Proc. 1989;21:1015-1016.

Hirsch, R. , Chatenoud, L. , Gress, R.E., Sachs, D.H. , Bach, J. P., and Bluestone,
J. Suppression of the humoral response to anti-CD3 monoclonal antibody.
Transplantation. In press.

Gress, R. E. , Nathenson, S. G., and Lucas, P. L. Fine specificity of xenogeneic
antigen recognition by human T cells. Transplantation. In press.
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Concerns that a functionally effective T cell repertoire might never develop
in the setting of MHC -mismatched marrow transplantation are based on the
defective T cell responses in vivo observed in murine bone marrow chimeras
constructed between MHC disparate strains. The incompetence is not due to
inherent T cell defects, but rather to the restriction specificities of the T
cells such that those MHC determinants recognized as self (host type) are not
expressed by the antigen presenting cells which are of donor type. The T cell
response to antigen is therefore defective. To evaluate whether T cell
maturation is comparable in mouse and man, the development of T cell responses
in a primate, the rhesus monkey, has been studied. The biology of T cell
recovery has first been investigated in animals following T cell depleted
autologous marrow transplantation. The time course of CD4+ T cell recon-
stitution and the time course of the development of in vivo T cell immuno-
competence as defined by the ability to respond to an organ allograft corre-
lated with the number of T cells infused in the marrow, and did not correlate
with marrow cell dose or with time of hematopoietic reconstitution, raising
the possibility that residual T cells in the infused T cell depleted marrow
played a central role in the generation of susequent T cell populations. This
would imply that the generation of T cells in marrow grafted primates may not
be the same as in the mouse.
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Project Description

Major Findings :

As a preliminary step to the study of T cell repertoire generation in MHC-

mismatched BMT, we have studied the generation of T cell function in rhesus

monkeys which have been hematologically reconstituted with either untreated or

extensively T cell depleted autologous bone marrow. The methods for T cell

depletion and the quantitation of residual (reinfused) T cells were patterned
after methods developed for carrying out bone marrow transplantation in man. By

phenotypic analysis, CD2+/CD8+ T cells recovered by 6-8 weeks post grafting.

CD16-I- NK cells and CD20+ B cells also recovered at 6-8 weeks. All animals
receiving T cell depleted marrow recovered CD4+ cells at later time points. In

the animal receiving marrow containing the fewest residual T cells (0.00014% by

limiting dilution assay) , CD4-1- cells were less than 30% of the pretransplant
value at ten months after transplant. The total number of T cells required to

acutely reject a graft was determined on the basis of results in animals
receiving marrow poorly depleted of T cells, and was 5 x 10 per kilogram
recipient body weight. In vitro functional studies paralleled the phenotypic
analysis. CTL activity, which can be mediated by CD8+ cells, was observed in

vitro (with added IL-2) at six weeks post transplant; recovery of helper T cell

function, predominately mediated by CD4-I- cells, was found only at time points

beyond four months. The ability to respond to allogeneic stimulation in vivo as

assessed by the rejection of an organ allograft temporally paralleled the

recovery of CD44- helper cells , not the recovery of CD8+ cytotoxic cells . The

critical level of recovery of peripheral CD4+ cells which correlated with
allograft rejection was 25-50% of the pretransplant value. Approaches to

evaluate T cell function by direct stimulation of CD3 were also developed and
characterized.

The pattern and time course of reconstitution of T cell populations establishes
a baseline for comparing T cell reconstitution in allogeneic donor/recipient
combinations and in predicting the time required for successful treatment to

reverse virally induced T cell deficiencies. Prolonged periods of depressed T

cell number and function existed even in the absence of the allogeneic effects
which might be expected in allogeneic BMT. The slow rate of recovery of CD4+
cells as compared to CD8+ cells may reflect distinct mechanisms in the genera-

tion of these two subsets. Also, even with very extensive T cell depletion,
hematopoietic recovery occurred, indicating that hematopoiesis does not
absolutely require many, if any, "hematopoietic T helper cells".

The length of time required for reconstitution of CD4-I- cells and for recovery of

organ allograft rejection varied inversely with the number of residual T cells

in the infused marrow, not with stem cell function as assessed by the number of

marrow cells infused and by rapidity of overall hematopoietic recovery. This
result is consistent with the possibility that the residual T cells in the

infused marrow play a central role in the generation of subsequent T cell
populations in the recipient. This suggests that the generation of T cells in

the primate marrow recipient may in fact be different than in the mouse where
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the T cell repertoire appears to develop from marrow precursor cells which
mature in the irradiated recipient and which consequently express an MHC
restriction which is strongly influenced by the host environment. The pos-

sibility that reconstituting T cells in the primate following marrow transplan-
tation are derived from mature donor T cells (with restriction specificity for

donor MHC antigens) remaining in the marrow after depletion rather than from
early precursors/stem cells is of central importance to considerations of MHC
mismatched BMT in man. These findings are being pursued by molecular analysis
of the reconstituting T cell populations.
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SUMMARY

ANNUAL REPORT OF THE LABORATORY OF CELL BIOLOGY
OCTOBER 1, 1988 TO SEPTEMBER 30, 1989

The following are selected highlights:

The 3-methylcholanthrene-induced murine fibrosarcoma, Meth A, has been shown
to display at least three different tumor-specific transplantation antigens
(TSTA) . One of the TSTA is an 82-kDa cytosolic protein that is also present in
nontrans formed cells. Another of the TSTA has been putatively identified by
another laboratory as the 96-kDa glucose-regulated protein (but see later
information). The third TSTA is a mixture of two heat shock proteins, designated
HSP84 and HSP86 . These latter proteins have been studied extensively in this
laboratory. HSP84 and HSP86 are coded for by separate, but related, genes.
Full-length cDNA clones have been isolated and their nucleotide sequences
determined. The deduced protein sequences of HSP84 and HSP86 are 724 and 733
amino acid residues, respectively. The two proteins are 86% homologous, whereas
their cDNA coding regions are 76% homologous. The genes coding for these
proteins apparently arose by a gene duplication some 500 million years ago. HSP-
related sequences comprise a family of genes, three of which were assigned to
chromosomes 17, 12, and 2. The HSP structural gene has been mapped to 5.6 cM
telomeric to the major histocompatibility complex (MHC) class I region on
chromosome 17. The HSP84 gene was sequenced and comprises approximately 6 kb of
DNA. It is interrupted by 10 intervening sequences. The promoter contains
structural features similar to those found in certain housekeeping genes. The
genomic sequence of the HSP84 gene from nontrans formed parental strain shows no
differences in the deduced amino acid sequence compared with Meth A. Six other
members of the HSP84 family were characterized and found to be processed
pseudogenes having 70-80Z homology to HSP84 cDNA. The HSP86 family consists of a

structural gene and two highly homologous processed pseudogenes. These genes
were assigned to chromosomes 12, 11, and 3. The HSP86 pseudogenes apparently
arose more recently than those of the HSP84 family. Comparison of the HSP86 cDNA
from the parental and other strains of mice has been performed for nearly the
complete molecule. No nucleotide changes that would lead to amino differences
have been observed. The manner in which HSP84/86 acts as a TSTA therefore
remains an enigma. In light of the recent evidence by Boon and coworkers that
turn" TSTAs can be expressed as small peptides and still retain their
antigenicity, we are exploring the possibility that the tumor-specific nature of
the HSP84/86 is due to tumor-specific peptides complexed to these proteins.

We continue our collaborative studies with A. B. DeLeo of the Pittsburgh
Cancer Institute in characterizing newly isolated tumor antigens (TATA) from Meth
A and other MC-induced sarcomas. A new immunoaf f inity-purif ied antigen, termed
339, has been isolated and studied by tumor rejection and serologic techniques.
In contrast to the other known TATA of Meth A, p82 and p86/84, 339 has limited
distribution, being found only on thymocytes (as well as Meth A sarcoma cells).
SDS-PAGE analysis shows a major 95-kDa band. This protein has been sequenced by
conventional methods and has no homology with other presently described TATA and
with other known murine differentiation antigens. 339 has strong tumor rejection
activity (complete protection) against Meth A, specifically with doses as low as

5 pg protein. The monoclonal antibody RH339 recognizes a 95-kDa glycoprotein on
the cell surface. A most interesting new characteristic of TATA is revealed in
studies of 339. Results clearly indicate 339 to be a functionally active
lymphocyte differentiation antigen, in addition to having tumor rejection
activity. Work continues to further characterize biochemically and
immunologically the gp96 tumor-specific antigen of Meth A. In rather limited
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studies the group at Sloan-Kettering had identified the TATA as the glucose-
regulating protein gp96. In continuing this work, however, it has now been found
that efforts to chromatograph the Con A binding fraction (containing gp96) and
isolate gp96 were not reproducible and that the tumor rejection activity could be
obtained regularly in a major gplOO fraction that migrates slower and has an M^
of 100 kDa. None of the gp96 fractions had tumor rejection activity. Further,
gplOO fractions regularly induced specific anti-tumor cytotoxic T lymphocyte
(CTL) activity, suggesting that tumor rejection and CTL activity are associative
properties of chromatographically similar molecules.

Using a group of murine melanomas consisting of the B6 melanomas JB/RH,
JB/MS, and B16 F^g and the C3H/He melanoma K1735, previously we had shown that
they share a melanoma-specific TATA and cross -immunize against each other but are
antigenically distinct from the DBA/2 melanoma 591. Additionally, this
laboratory has shown that the purified gp65 (B700) induces a pattern of cross-
immunity identical to that obtained with irradiated cells. B700 is the major
protein of the melanosomal membrane. It is a multiple deletion variant of the
normally occurring melanosomal protein C700, and cross-reactive molecules have
been found in human, swine, and hamster melanomas. To add dimensions to further
studies of the significance of B700 and the causes of immunogenic ity and
specificity, recent studies relate to the production and study of syngeneic
antibodies and their role in the immune response and to the production of
monoclonal antibodies. We have now defined serologically the TATA of the JB/RH
melanoma by C-dependent cytotoxic antibodies present in the sera of syngeneic
mice hyperimmunized with the JB/RH melanoma. Absorption tests show that this
antigen is also expressed on JB/HS, B16 Fjq, and K1735 membranes but not on the
S91 melanoma. These cytotoxic antibodies could be absorbed by the purified B700
glycoprotein. This pattern of expression is identical to that shown in tumor-
rejection assays (A. B. DeLeo, V. J. Hearing, W. D. Vieira, and L. W. Law,
Serologic detection of a shared melanoma specific antigen of murine melanomas
[submitted to J Immunol]). Much emphasis has been placed on gangliosides present
on human melanoma cells as the source of immunogenic ity . JB/RH is one of the few
murine melanomas expressing the GM2 ganglioside. It is clear from the above
study, however, that the JB/RH antigen we studied is not related to determinants
in the glycolipid fraction nor to the GM2 glycolipid purified from this fraction.
For a more complete study of the melanoma-specific B700 antigen, monoclonal
antibodies are now being produced in studies with Gersten. Those hyperimmunized
syngeneic (C57B1/6) mice testing positive by ELISA for antibodies to B700 were
used for preparation of hybridomas . Four positive clones have now been isolated
that show specificity to B700 and to melanoma cells.

Two different melanoma-specific monoclonal antibodies in a syngeneic system,
show a striking inhibition of the growth of established (5 day) lung metastases
of the JB/MS murine melanoma. Doses were as low as 100 /jg per IV treatment (2
treatments at days 5 and 8 after melanoma cell challenge) . Growths
subcutaneous ly, however, were not affected by systemic treatment. Monoclonal
antibody 9B6 was induced against B16 Fjq melanoma cells and T97 against B700, the
purified melanoma-specific antigen. Both are IgGjg isotypes. The B16 F^g

melanoma was less sensitive to monoclonal antibody therapy than JB/MS; however,
low doses were effective using 9B6, whereas it has been reported in results from
another laboratory that 9B6 was effective only against established liver
metastases. Extremely high doses were used (2 mg) . This may indicate that anti-
metastatic effects may be masked if the system is overwhelmed with large
quantities of immunoglobulin. The mechanisms of action of these two monoclonal
antibodies are not known. It is clear that a direct cytotoxic or cytostatic
mechanism is not responsible for these anti-metastatic effects; preliminary
results indicate that natural killer cells function as the host-mediated effector
cells. The striking inhibition of established metastatic melanoma growth
observed in our studies probably results from the high specificity of our
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monoclonal antibodies. Such reagents are difficult to obtain in experimental
systems and more difficult for human tumors.

Our laboratory has been involved in characterization of a suppressive immune
response. Previous work on the lysozyme-specif ic CDS* T suppressor clone,
LH8.105, demonstrated that these cells express the a//3 T-cell receptor (TCR) in
association with the CD3 complex. The a and /3 TCR genes were cloned and
sequenced. These cells did not secrete interleukin 2 (IL-2) in response to
lysoz3mie antigen and antigen-presenting cells (APC) . However, these cells did
produce IL-2 after stimulation with anti-CD3 antibody, 2C11. This lack of IL-2
production to antigen was in contrast to T-helper cells, which produce IL-2 in
response to antigen plus APC stimulation. When the turnover of phosphoinositol
(PI) in response to antigen was examined, several interesting observations were
found with the LH8.i05 cells. First, PI turnover can be induced in LH8.105 cells
in response to either intact lysozyme or a peptide fragment corresponding to the
N terminus of lysozyme. Second, no APC were required to elicit PI turnover;
lysozyme alone was able to induce PI turnover, which peaked —10 min after
addition of lysozyme. Finally, the response was antigen specific since neither
ovalbumin nor lysozyme peptides, other than that of the N terminus, induced PI
turnover. These data demonstrate that LH8.105 can respond to lysozyme apparently
without antigen processing and perhaps without the need for MHC presentation.
Experiments are underway to show that the recognition of lysozyme by LH8.105 is

via the a//3 TCR complex.

Interferons (IFNs) play an important role in regulating a variety of host
defense mechanisms. Besides up-regulating class I and class II MHC gene
products, they exert additional biological effects, including initiation of cell
growth and modulation of different immune reactions. The first step in the
interaction is the binding of IFN to a specific cell surface receptor. An
understanding of this phenomenon will require the molecular characterization of

the receptor. We have purified the murine interferon-7 (7-IFN) receptor from a
subclone of the ELA thymoma, which expresses high levels of this receptor.
Detergent-solubilized receptor was purified using an anti-receptor antibody under
conditions that allowed retention of high-affinity binding activity. The
purified receptor was proteolytically digested, individual peptides were
purified, and their sequence was determined. The peptides were found to be
highly homologous to portions of the human 7-IFN receptor. Nucleotide probes
corresponding to the sequence of these peptides are being used to screen a mouse
cDNA library to obtain a receptor clone. Isolation of the mouse 7-IFN clone will
allow the properties of this receptor to be analyzed in detail upon transfection
into various hosts. In addition, these studies will permit the elucidation of
the biochemical pathways activated upon receptor occupation, which to date remain
poorly defined.

In studies of the regulation of melanogenesis , we have examined the levels
of response of mammalian melanocytes to physiologically relevant stimuli, such as
ultraviolet light and melanocyte-stimulating hormone. The melanocyte provides a
unique model system to study intracellular control mechanisms since only the
enzyme tyrosinase is essential for melanin biosynthesis. We have produced
tyrosinase-specif ic monoclonal antibodies which cross-react among mammalian
tyrosinases, and have been valuable probes for the characterization of post-
translational enzyme processing in melanocytes, and used them to examine the
metabolic processing of tyrosinase, which includes glycosylation and
intracellular transport to melanosomes, where melanization is initiated.
Recently, there have been two different genes cloned which encode tyrosinase,
although no primary sequence is available to confirm such an identification. As
an approach to unraveling the gene products involved in the regulation of
melanogenesis, we have synthesized oligonucleotides encoded by those genes (for
hybridization studies) and peptides (used to produce specific antibodies) and
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have examined their expression at the transcriptional and translational level in
response to environmental stimuli. In agreement with our earlier studies, we
have found only slight increases in the synthesis of de novo tyrosinase in
response to melanogenic stimulation, and that the dramatic increases in pigmenta-
tion result from activation of latent tyrosinase in the melanocyte. We have now
cloned a melanoma cell line that produces a large quantity of a melanogenic
inhibitor which may be critical to this masking of catalytic activity and have
purified and characterized it. This inhibitor is a low molecular weight molecule
(~A80), probably an amine, which functions in a competitive manner to efficiently
inhibit pigment production; it must be produced constitutively to be effective
and early results suggest that the effect of melanocyte-stimulating hormone may
be to stop inhibitor production, allowing the expression of latent tyrosinase.
Aberrations in the regulation of this inhibitory activity may be involved in
several types of abnormal pigmentary disorders, such as albinism.
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Major Findings

I. Analysis of TATA of MC- induced Sarcomas

p82, p86l84, gp96, and 339 antigens

We continue our collaborative studies with A. B. DeLeo of the Pittsburgh Cancer
Institute in characterizing newly isolated tumor antigens (TATA) from Meth A and
other MC-induced sarcomas. A new iramunoaf finity-purif ied antigen, termed 339, has
been isolated and studied by tumor rejection and serologic techniques. In contrast
to the other known TATA of Meth A, p82 and p86/84, 339 has limited distribution,
being found only on thymocytes (as well as Meth A sarcoma cells). SDS-PAGE analysis
shows a major 95-kD band. This protein has been sequenced by conventional methods
and has no homology with other presently described TATA and with other known murine
differentiation antigens. 339 has strong tumor rejection activity (complete
protection) against Meth A, specifically with doses as low as 5 jug protein. The
monoclonal antibody RH339 recognizes a 95-kD glycoprotein on the cell surface. A
most interesting new characteristic of TATA is revealed in studies of 339. Results
clearly indicate 339 to be a functionally active lymphocyte differentiation antigen,
in addition to having tumor rejection activity.

The N-terminal amino acid sequence of antigen 339 is shown; no homology is seen
with the other known structures of p82, gp86/84, and gp96.

339 = Ser-Ile-Arg-Val-Leu-Val-Pro-Tyr-X-X-X-Gly-Val-Leu

Collaborative work continues with DeLeo of Pittsburgh in order to further
characterize biochemically and immunologically the gp96 tumor-specific antigen of
Meth A. In rather limited studies the group at Sloan-Kettering had identified the
TATA as the glucose-regulating protein gp96. In continuing this work, however, it
has now been found that efforts to chromatograph the Con A binding fraction
(containing gp96) and isolate gp96 were not reproducible and that the tumor
rejection activity could be obtained regularly in a major gplOO fraction that
migrates slower and has an M^ of 100 kD. None of the gp96 fractions had tumor
rejection activity. Further, gplOO fractions regularly induced specific anti-tumor
CTL activity, suggesting that tumor rejection and CTL activity are associative
properties of chromatographically similar molecules.

II. Studies of Murine Melanoma Antigens (TATA)

A. Characteristics of Antigens

Using a group of murine melanomas consisting of the B6 melanomas JB/RH, JB/MS, and
B16 Fjo and the C3H/He melanoma K1735, previously we had shown that they share a
melanoma-specific TATA and cross-immunize against each other but are antigenically
distinct from the DBA/2 melanoma 591. Additionally, this laboratory has shown that
the purified gp65 (B700) induces a pattern of cross -immunity identical to that
obtained with irradiated cells. B700 is the major protein of the melanosomal
membrane. It is a multiple deletion variant of the normally occurring melanosomal
protein C700, and cross-reactive molecules have been found in human, swine, and
hamster melanomas. To add dimensions to further studies of the significance of B700
and the causes of immunogenicity and specificity, recent studies relate to the
production and study of syngeneic antibodies and their role in the immune response
and to the production of monoclonal antibodies.
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B. Serologic Analyses of Melanoma Antigens

In collaboration with DeLeo, we have now defined serologically the TATA of the
JB/RH melanoma by C-dependent cytotoxic antibodies present in the sera of syngeneic
mice hyperimmunized with the JB/RH melanoma. Absorption tests show that this
antigen is also expressed on JB/HS, B16 F^q, and K1735 membranes but not on the S91
melanoma. These cytotoxic antibodies could be absorbed by the purified B700
glycoprotein. This pattern of expression is identical to that shown in tumor-
rejection assays (A. B. DeLeo, V. J. Hearing, W. D. Vieira, and L. W. Law, Serologic
detection of a shared melanoma specific antigen of murine melanomas [submitted to
J linmunol] ) .

Much emphasis has been placed on gangliosides present on human melanoma cells as
the source of immunogenicity . JB/RH is one of the few murine melanomas expressing
the GM2 ganglioside. It is clear from the above study, however, that the JB/RH
antigen we studied is not related to determinants in the glycolipid fraction nor
to the GM2 glycolipid purified from this fraction.

For a more complete study of the melanoma-specific B700 antigen, monoclonal
antibodies are now being produced in studies with Gersten. Those hyperimmunized
syngeneic (C57B1/6) mice testing positive by ELISA for antibodies to B700 were used
for preparation of hybridomas . Four positive clones have now been isolated that
show specificity to B700 and to melanoma cells.

C. Melanoma-specific Monoclonal Antibodies Assayed for Therapeutic Efficacy

Using two different melanoma-specific monoclonal antibodies in a syngeneic system,
recently we have observed a striking inhibition of the growth of established (5 day)
lung metastases of the JB/MS murine melanoma. Doses were as low as 100 pg per IV
treatment (2 treatments at days 5 and 8 after melanoma cell challenge). Growths
subcutaneously , however, were not affected by systemic treatment. Monoclonal
antibody 9B6 was induced against B16 Fk, melanoma cells and T97 against B700, the
purified melanoma-specific antigen. Both are IgGjg isotypes. The B16 ¥ ^^ melanoma
was less sensitive to monoclonal antibody therapy than JB/MS, however, low doses
were effective using 9B6, whereas it has been reported in results from another
laboratory that 9B6 was effective only against established liver metastases.
Extremely high doses were used (2 mg) . This may indicate that anti-metastatic
effects may be masked if the system is overwhelmed with large quantities of
immunoglobulin

.

The mechanisms of action of these two monoclonal antibodies are not known. It is
clear that a direct cytotoxic or cytostatic mechanism is not responsible for these
anti-metastatic effects; preliminary results indicate that NK cells function as the
host-mediated effector cells.

The striking inhibition of established metastatic melanoma growth observed in our
studies probably results from the high specificity of our monoclonal antibodies.
Such reagents are difficult to obtain in experimental systems and more difficult
for human tumors (see V. J. Hearing, S. P. L. Leong, R. M. Niles, W. D. Vieira,
and L. W. Law, Beneficial immunotherapeutic effects of in vivo administration of

two melanoma-specific monoclonal antibodies in a syngeneic system (submitted to J
Immunol

)

.
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Gersten DM, Williams LJ, Moody D, Montague PH, Law LW, Hearing VJ . The intracel-
lular association of B700 and B50 murine melanoma antigens and their role in tumor
rejection. Int J Cancer 1989;43:497-500.
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This project is aimed at characterizing: (1) the host immune response to malignant
melanoma, and the role it plays in the progression of tumor growth and metastatic
spread; (2) tumor-specific proteins produced by melanoma cells in vivo and in vicro,
to determine the mechanism of their formation, to examine the impact of their
expression on tumor growth, and to study the feasibility of utilizing their
specificity for the immunoassay and immunotherapy of melanoma; (3) the role of cell
surface proteases in the cascade of events leading to metastatic spread of tumors;

(4) the control mechanisms involved in the regulation of pigment production in normal
and in transformed melanocytes. Our results have demonstrated that various murine
melanomas of different origin share a common cell surface antigen which can elicit
tumor rejection; this antigen, termed B700, is related biochemically and
immunologically to a normal melanocyte protein, perhaps a differentiation antigen.
We have found that the immune response elicited by B700 is mediated through cytotoxic
antibody production, and not through a demonstrable cellular response; we have now
produced syngeneic murine monoclonal antibodies with specific cytotoxicity. The
involvement of cell surface urokinase with metastatic potential has been shown by use
of specific antibodies which can modulate that potential; we have now isolated
melanoma cell clones which vary in their tumorigenic and metastatic properties, and
have employed transfection protocols with the genes for urokinase and its receptor
to further elucidate the mechanisms involved. We have also further characterized the
molecular controls involved in mammalian pigmentation and its activation by
environmental stimuli, employing synthetic oligonucleotide and peptide probes to

different pigmentation-related gene products. The results have shown that mammalian
melanin production is regulated primarily through a post-translational activation of
latent enzyme, and that one or more genes normally expressed by melanocytes are
repressed in transformed melanocytes, while other melanoma-specific genes are
activated following transformation.
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Objectives

This project is aimed at characterizing: (1) the host immune response to malignant
melanoma, and the role it plays in the progression of tumor growth and metastatic
spread; (2) tumor-specific proteins produced by melanoma cells in vivo and in vitro,
to determine the mechanism of their formation, to examine the impact of their
expression on tumor growth, and to study the feasibility of utilizing their
specificity for the immunoassay and immunotherapy of melanoma; (3) the role of cell
surface proteases in the cascade of events leading to metastatic spread of tumors;
(A) the control mechanisms involved in the regulation of pigment production in
normal and in transformed melanocytes.

Major Findings

1. Immunogenicicy of Malignant Melanoma

Previously, we (with Law) have shown that murine melanomas, including the K1735,
JB/RH, JB/MS, B16, and Harding-Passey, share tumor-specific transplantation antigens
(TSTA) which do not cross-react with the S91 melanoma, although the latter produces
an S91-specific TSTA. The cross-reactive melanoma TSTA is extremely interesting
since the tumors expressing it have arisen over a period of decades as the result
of spontaneous events or by chemical- or ultraviolet (UV) -induced transformation.
We have shown that B700 (a melanoma tumor-specific antigen, see below), when
isolated from the above tumors, can be used to immunize mice and elicit tumor
rejection activity, with the specificity noted above. We are engaged in
characterizing the mechanisms involved in these responses, and although there is
no significant cellular immune response, there is a dramatic humoral response. Our
studies (with Law and DeLeo) have shown that mice immunized with melanoma cells
produce high titers of cytotoxic antibodies, which can be quantitatively absorbed
with the B700 antigen; these have now been used to produce monoclonal antibodies
which have the requisite specificity and cytotoxicity. The specificity of this
cytotoxicity is identical to the pattern of cross-reactive TSTA activity noted
above, suggesting that the major immune response of mice to challenge with melanoma
cells is the production of cytotoxic antibodies and not the generation of cell-
mediated immune mechanisms. Since these responses are rarely effective in
preventing tumor growth in naive animals, our current studies are directed at
examining the reasons behind this ineffective response, and at ways to successfully
augment it. In vivo, B700 has been shown to associate with another melanoma-
specific antigen, termed B50, although the role this heterocomplex might play in
the expression of cell surface TSTA, or in the sensitivity of melanoma cells to
immune response mechanisms, has not yet been elucidated. In addition, another
C57B16 melanoma-specific antigen, termed 9B6 , has now been shown to be associated
with the expression of a melanoma-specific, ecotropic murine retrovirus; the
mechanism whereby the expression of this virus is limited to melanomas arising only
from C57B16 mice is an exciting question now being addressed in collaborative
studies. Monoclonal antibodies recognizing the 9B6 antigen or the B700 antigen have
now been successfully used to decrease the proliferation of established pulmonary
metastases of melanoma cells, presumably through their stimulatory action on natural
killer (NK) cell activity.

2. Tumor-Specific Antigens Produced by Malignant Melanoma

Transformed cells express dramatically different cellular products than do their
normal counterparts; the production of novel products (TSA) by malignant cells
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(i.e. , those not produced by normal cells) and the involvement of TSA in the growth
and function of tumor cells has been a subject of widespread interest. We (with

Gersten) have examined two such TSA, termed B700 and B50. Both of these antigens

seem to be analogous to normal melanocyte proteins, but with alterations in their
primary structure which gives rise to their immunologic specificity. The ability
of B700 to also function as a TSTA in cells which express it on the cell membrane
surface has recently been shown by our group (see above). We have also found that

B700, or a cross-reactive antigen, is expressed specifically by melanomas of human,
hamster, and swine origin, in addition to the murine melanomas. We have now
produced murine monoclonal antibodies specific to B700, and are collaborating on

a project to clone its gene; such information should allow us to characterize the

mechanism(s) whereby this TSA is expressed by transformed melanocytes, but not by

normal melanocytes. In collaborative efforts (with Gersten and Walden) we have
begun a functional analysis of B700 action, showing it has an altered catalytic
activity on prostaglandin E2 compared to serum albumin. We (with Leong and Gorelik)

have also examined the specificity of another melanoma-specific antigen, termed 9B6

,

which was identified by syngeneic monoclonal antibodies produced against B16

melanoma cells. Our studies have shown that this antigen is expressed only by

melanomas arising in C57B1 mice (either spontaneous or chemically induced);
interestingly, expression of the antigen is dependent on the replication and budding
of a B-tropic ecotropic murine retrovirus. Whether the antigen is encoded by the

virus, or merely induced to express specifically by melanocytes producing the virus,

is currently being studied; the specificity of this antigen with C57Bl-derived
melanomas is an interesting phenomenon which is also under investigation.

3. Metastatic Events in Dissemination of Malignant Melanoma

We (with Appella, Blasi, and Law) have examined the role of cell surface membrane
expression of proteases on tumor invasion and metastasis. We have shown that

urokinase, a protease involved in the control of migration and differentiation of

normal cells, is critical to the tumor cell's capability to penetrate membranes
and other proteinaceous barriers during metastasis of transformed cells. We have

shown that alteration of surface urokinase activity by immunological and enzymatic
reagents has dramatic consequences on the metastatic behavior of melanoma cells,

which correlates directly with increases or decreases in urokinase catalytic
activity. We have addressed the question of whether this parameter is important

in vivo by cloning B16 and JB/MS murine melanoma cells, using no selection pressure,
then examining the metastatic potentials and the urokinase expression of the cloned

lines; again, there was a correlation between metastatic activity and surface
localization of urokinase activity. These studies suggest that urokinase is an

important, although not a sufficient, parameter in the determination of a tumor cell
to metastasize. We have succeeded in transfecting the urokinase gene into poorly
metastatic cells in order to directly determine the effect of enhanced urokinase
expression on metastatic behavior; to date those cells have not shown enhanced
metastatic potential compared to mock transfected cells. In recognition of the

importance of the surface receptor for localization of urokinase at the cell

surface, we have suggested that the receptor may be the more important molecule in

determining a cell's ability to proteolytically degrade biological membranes. The

uPA receptor has now been cloned, and we are in the process of a collaborative
effort aimed at examining the effect of the uPA receptor on metastatic potential,

using transfection techniques. We have also examined the relationship of

differentiation with the tumorigenic and metastatic phenotypes of melanoma cells.

Using melanocyte-stimulating hormone (MSH) , we (with Law, Kameyama, and Tsukamoto)
have characterized the effect of MSH-induced differentiation on those properties
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of melanoma cells, either with pretreatment prior to challenge or with treatment
of animals post-challenge. While induced differentiation inversely affects
tumorigenic abilities, i.e., the capacity to grow as primary subcutaneous tumors,
it has different effects on metastatic potential (in most cases causing increases
in metastatic growth) . These findings are in agreement with studies examining the
expression and involvement of uPA with differentiation; future studies will be
directed at examining melanoma cell characteristics modulated by MSH treatment that
are critical to tumorigenic and metastatic potentials.

4. Regulation of Melanogenesis

We (with Jimenez, Kameyama, and Tsukamoto) have examined the levels of response of
mammalian melanocytes to physiologically relevant stimuli, such as UV light and MSH.
The melanocyte provides a unique model system to study intracellular control
mechanisms since only the enzyme tyrosinase is essential for melanin biosynthesis,
although the rates of pigmentation can be influenced at various levels. We have
produced tyrosinase-specif ic monoclonal antibodies which cross-react among mammalian
tyrosinases, and have been valuable probes for the characterization of post-
translational enzyme processing in melanocytes. We have used them to examine the
metabolic processing of tyrosinase, which includes glycosylation and intracellular
transport to melanosomes, where melanization is initiated. Recently, there have
been two different genes cloned which encode tyrosinase, although no primary
sequence is available to confirm such an identification. As an approach to
unraveling the gene products involved in the regulation of melanogenesis, we have
synthesized oligonucleotides encoded by those genes (for hybridization studies) and
peptides (used to produce specific antibodies) and have examined their expression
at the transcriptional and translational level in response to environmental stimuli.
In agreement with our earlier studies, we have found only slight increases in the
synthesis of de novo tyrosinase in response to melanogenic stimulation, and that
the dramatic increases in pigmentation result from activation of latent tyrosinase
in the melanocyte. We have now cloned a melanoma cell line that produces a large
quantity of a melanogenic inhibitor which may be critical to this masking of
catalytic activity and have now purified and characterized it. This inhibitor is
a low molecular weight molecule (~480), probably an amine, which functions in .a

competitive manner to efficiently inhibit pigment production; it must be produced
constitutively to be effective and early results suggest that the effect of MSH may
be to stop inhibitor production, allowing the expression of latent tyrosinase.
Aberrations in the regulation of this inhibitory activity may be involved in several
types of abnormal pigmentary disorders, such as albinism. In addition, we have
shown that levels of melanogenesis correlate closely with the expression of surface
MSH receptors, which in turn can be regulated by various environmental stimuli, such
as cytokines (e.g., interferon), UV light, and MSH itself (as an autocrine
function) . The emerging picture indicates that the control of mammalian pigmen-
tation is an order of magnitude more complex than originally thought, but recent
advances at the molecular level are slowly unraveling these interrelated control
mechanisms, many of which may be malfunctioning in various pigmentary disorders.
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

Our research involves the binding of antigens to class II major histocompatibility
antigens (MHC) and T-cell helper and suppressor antigen receptors, the structure of
helper and suppressor factors, MHC transcriptional activators, and tumor antigens.
Synthetic peptides were used to determine the general consensus sequence necessary
for peptide binding to class II MHC I-A*^ and I-E'^ molecules. The consensus sequence
was used to predict the ability of potential antigens to bind to these molecules.
A transcriptional factor that binds to the regulatory element of the MHC class I gene
was cloned and found to belong to the superfamily of nuclear steroid hormone
receptors. Analysis of conditioned media from T-helper and -suppressor cells
revealed the presence of a "soluble" T-cell receptor/CD3 complex.

The sequences of Meth A tumor-specific transplantation antigens (TSTA) , previously
identified as the 8A- and 86-kDa heat shock proteins (HSP), have been completed.
The sequence of the normal counterpart is almost complete for the 86-kDa HSP, and
no differences have been noted. The antigenic nature of these proteins is currently
being investigated with the emphasis on peptide antigens associated with these
proteins. Another TSTA from a xenogenized tumor was found to be the endogenous
xenotropic retroviral protein, gp70, and was found to elicit IgG antibody and CTLJ
responses. The sequence of the p53 oncogene from a human osteosarcoma was determined
and found to have a point mutation leading to a single amino acid change compared
to the normal protein.

The murine IFN-7 receptor has been purified and its amino acid sequence partially
determined, and these are being used to synthesize probes to be used to screen a cDNA
library. The sequence of urokinase receptor has also been determined.
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Major Findings

T-Cell Antigen Recognition and Major Histocompatibility Antigens

T-cells recognize protein antigens on the surface of antigen-presenting cells (APC)

only after the antigen has been appropriately processed by the APC, associated with
class II major histocompatibility complex (MHC) molecules, and subsequently
displayed on the cell surface. Several studies on the mechanism of antigen
recognition by T-cells have established that recognition requires a complex between
MHC and peptide fragments of the protein antigen. Our main interest during the last
year was to gain insights on the structural basis of the interaction between
peptides and MHC molecules. We were specifically interested in why the few MHC
molecules expressed by an individual can bind a nearly limitless number of antigenic
peptides. We were further interested in the relevance of this determinant selection
by MHC molecules in defining immune responses to protein antigens. To understand
how a large universe of immunogenic peptides can bind to and be restricted by a very
small number of class II MHC molecules (la) present within an individual, we have
undertaken to characterize the requirements for the binding of peptides to a given
la molecule. These studies were carried out utilizing the class II MHC-restricted
molecule, I-E'', and a set of peptides that were capable of binding to the I-E
molecule. To define the region of I-E'* that interacts with peptide antigen, our
work has concentrated on the immunogenic peptide from hen egg lysozyme (HEL) 105-

120. By synthesizing a series of N- and C-terminal truncated analogs and testing
these for binding to purified I-E'' molecules, we were able to define a critical core
region within HEL 105-120 that consisted of the heptapeptide contained in the region
HEL 110-116. This core region can be identified in several unrelated peptides that
bind to the I-E'^ molecule. A common motif of multiple basic amino acid residues
determines the binding capacity of the peptide to the I-E'^ molecule. We have also
analyzed a large panel of single amino acid substitution analogs of HEL 107-116.
Significant effects on I-E binding were seen only when non-conservative
substitutions at one of the three basic residues were made. These results confirm
the very permissive nature of peptide binding to la, in that 90% of the

substitutions had little or no effect on the binding capacity of HEL 107-116. The
specificity of the immune response is maintained by the specificity of T-cell
recognition. Twenty- five of thirty amino acid substitutions analyzed resulted in

more than a 10-fold reduction in antigenicity for two T-cell hybridomas specific
for the I-E''-restricted peptide HEL 107-116. Another interesting point is the

finding that the degeneracy of the interaction between la and peptides allows class

II molecules to bind many structurally unrelated peptides through the same binding
site. Recognition of such unrelated peptides is, however, accomplished by

recognition of structurally "broad" motifs as identified for both I-E and I-A'*.

Such motifs could be used to predict peptides that are strong binders to I-A'' or I-

E**. The accuracy of these predictions has been tested by a computer program on a

large panel of synthetic peptides and a set of overlapping peptides from the

staphylococcal nuclease protein. Our results from actual binding studies indicate
that it is possible to predict successfully about 75% of the strong I-A** binding
peptides. This suggests that definition of such sequence "motifs" could be of

general use in predicting potentially immunogenic peptide regions within proteins.

Our laboratory has also been involved in characterization of the suppressive immune
response. Previous work in our laboratory on the lysozyme-specif ic CD8* T

suppressor clone, LH8.105, demonstrated that these cells express the alf3 T-cell
receptor (TCR) in association with the CDS complex. The a and /3 TCR genes were
cloned and sequenced. These cells did not secrete interleukin 2 (IL-2) in response
to lysozyme antigen and APC. However, these cells did produce IL-2 after
stimulation with anti-CD3 antibody, 2C11. This lack of IL-2 production to antigen
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was in contrast to T-helper cells, which produce IL-2 in response to antigen plus
APC stimulation. When the turnover of phosphoinositol (PI) in response to antigen
was examined, several interesting observations were found with the LH8.i05 cells.
First, PI turnover can be induced in LH8.105 cells in response to either intact
lysozyme or a peptide fragment corresponding to the N terminus of lysozyme. Second,
no APC were required to elicit PI turnover; lysozyme alone was able to induce PI
turnover, which peaked —10 min after addition of lysozyme. Finally, the response
was antigen specific since neither ovalbumin nor lysozyme peptides, other than that
of the N terminus, induced PI turnover. These data demonstrate that LH8,105 can
respond to lysozyme apparently without antigen processing and perhaps without the
need for MHC presentation. Experiments are underway to show that the recognition
of lysozyme by LH8.105 is via the a//3 TCR complex.

T cells and B cells can be positively or negatively regulated by soluble factors
produced by T-helper (T^,) or T-suppressor (T3) cells, respectively. These factors,
T[^F and T^F, are antigen specific and H-2 restricted but have not been well
characterized biochemically due to their high potency and low level of synthesis.
TfjF was analyzed from cloned antigen-specific and tfflC-restricted type 2 T^^ cells
whose culture supernatants support trinitrophenyl (TNP) -specif ic IgG antibody
response in TNP-primed B cells. An anti-T-cell receptor monoclonal antibody, F23.1,
specific for V^S TCR was found to remove a substantial amount of the Tj^ activity of
culture supernatant from F23.1'^ T^ clones but not from F23.1' Tj^ clones.
Immunoprecipitation analysis of metabolically labeled F23.1"^ T,^ clones revealed the
presence of a "soluble" TCR/CD3 receptor complex in conditioned culture supernatants
that was indistinguishable from that present at the cell surface. Moreover, gel
filtration analysis and ultracentrifugation analysis of the conditioned media
indicate that the TCR/CD3 complex probably represents shed membrane vesicles that
are highly enriched for the TCR complex as evidenced by the lack, of other cell
surface proteins such as MHC class I molecules. These data strongly suggest that
the TjjF is composed of the TCR/CD3 complex in association with membrane lipid.
Thus, antigen specificity of T^F is apparently derived from the unique specificity
of the helper clone's own TCR and not via different antigen-specific molecule(s).
Analysis of the conditioned culture media of the LH8.105 suppressor cell clones
revealed the presence of a//3 TCR that was shed from the cell surface, similar to
that found in T^i cell conditioned media. As found with the T^ cells, it is likely
that the soluble receptor may be the antigen-specific T^F, and experiments are in
progress to test this possibility.

Tumor-Specific Transplantation Antigens

The 3-methylcholanthrene- induced murine fibrosarcoma, Meth A, has been shown to
display at least three different tumor-specific transplantation antigens (TSTA)

.

One of the TSTA is an 82-kDa cytosolic protein that is also present in non-
transformed cells. Another of the TSTA was identified as the 96-kDa glucose-
regulated protein. The third TSTA is a mixture of two heat shock proteins,
designated HSP8A and HSP86. These latter proteins have been studied extensively
in this laboratory. HSP8A and HSP86 are coded for by separate, but related, genes.
Full-length cDNA clones have been isolated and their nucleotide sequences
determined. The deduced protein sequences of HSP84 and HSP86 are 724 and 733 amino
acids residues, respectively. The two proteins are 86% homologous, whereas their
cDNA coding regions are 76% homologous. The genes coding for these proteins
apparently arose by a gene duplication some 500 million years ago. HSP-related
sequences comprise a family of genes, three of which were assigned to chromosomes
17, 12, and 2. The HSP structural gene has been mapped to 5.6 cM telomeric to the
MHC class I region on chromosome 17. The HSP84 gene was sequenced and comprises
approximately 6 kb of DNA. It is interrupted by 10 intervening sequences. The
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promoter contains structural features similar to those found in certain housekeeping
genes. The genomic sequence of the HSP84 gene from nontrans formed parental strain
shows no differences in the deduced amino acid sequence compared with Meth A. Six
other members of the HSP84 family were characterized and found to be processed
pseudogenes having 70-80% homology to HSP84 cDNA. The HSP86 family consists of a

structural gene and two highly homologous processed pseudogenes. These genes were
assigned to chromosomes 12, 11, and 3. The HSP86 pseudogenes apparently arose more
recently than those of the HSP84 family. Comparison of the HSP86 cDNA from the
parental and other strains of mice has been performed for nearly the complete
molecule. No nucleotide changes that would lead to amino differences have been
observed. The manner in which HSP84/86 acts as a TSTA therefore remains an enigma.
In light of the recent evidence by Boon and coworkers that tum' TSTAs can be
expressed as small peptides and still retain their antigenicity, we are exploring
the possibility that the tumor-specific nature of the HSP8A/86 is due to tumor-
specific peptides complexed to these proteins. Another aspect currently being
tested is the ability of these antigens to be recognized by T-cells employing y 1

5

chains of the TCR, since this subset of T-cells has recently been implicated in
the recognition of HSPs

.

We have recently characterized another TSTA from the chemically xenogenized tumor
L5178Y/DITC. Syngeneic sera from mice bearing these tumors are able to
immunoprecipitate an ~80-kDa cell surface glycoprotein, which was shown to be the
endogenous retroviral protein, gp70, of the xenotropic class. Mice specifically
immunized with the ~80-kDa antigen developed specific immunity to this tumor in
terms of increased IgG antibody response and frequency of cytotoxic lymphocyte
precursors to the xenogenized tumor. These CTLs were specifically blocked by the
anti-80-kDa sera. Polymerase chain reaction analysis of the tumor and the non-
immunogenic parental cells should allow definition of the nature of the change(s)
in the gene that renders it immunogenic.

Transcriptional Activators of Class I MHC Antigens

MHC class I gene expression is controlled by two cis-regulated sequences: a

conserved regulatory element (CRE) that resides between nucleotides -203 and -161

and the interferon consensus sequence (ICS) that resides between nucleotides -167

and -139. Within the MHC CRE there are three regions (I, II, and III) that bind
individual nuclear factors. Factors that bind to regions I and II are present at

various times and correlate with development and tissue-specific class I expression.
To isolate genes encoding these factors we have screened an unamplified lambda gtll
mouse liver cDNA library with "P-labeled concatenated CRE and ICS probes. A cDNA
clone that encodes a protein capable of binding to region II of the CRE, but not
to the ICS, was isolated. The DNA sequence of the isolated clone revealed that this
factor is a member of the superfamily of nuclear hormone receptors. The most
interesting feature of the superimposed sequence is the presence of two zinc
fingers, each containing four or five cysteines. This structure is typical of
steroid or thyroid hormone receptors. We have also found that sequences homologous
to that of the above factor are conserved in turkey, chicken, Xenopus , and

Drosophila DNA. Furthermore, the RNA from these genes is expressed at many
different times during development.

Interferon (IFN) induces transcription of class I genes through interaction at the

ICS. We have obtained data that indicate the ICS binds a constitutive nuclear
factor and two inducible nuclear proteins. Recently, we have screened a lambda gtll
macrophage cDNA library with a P-labeled, concatenated ICS probe and obtained a

clone that encodes one of the inducible factors. The DNA sequence of the clone is

being determined.
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IFNs play an important role in regulating a variety of host defense mechanisms.
Besides up-regulating class I and class II MHC gene products, they exert additional
biological effects, including initiation of cell growth and modulation of different
immune reactions. The first step in the interaction is the binding of IFN to a

specific cell surface receptor. An understanding of this phenomenon will require
the molecular characterization of the receptor. We have purified the murine
interf eron-'Y (7-IFN) receptor from a subclone of the EL4 thymoma, which expresses
high levels of this receptor. Detergent-solubilized receptor was purified using
an anti-receptor antibody under conditions that allowed retention of high-affinity
binding activity. The purified receptor was proteolytically digested, individual
peptides were purified, and their sequence was determined. The peptides were found
to be highly homologous to portions of the human 7-IFN receptor. Nucleotide probes
corresponding to the sequence of these peptides are being used to screen a mouse
cDNA library to obtain a receptor clone. Isolation of the mouse 7-IFN clone will
allow the properties of this receptor to be analyzed in detail upon transfection
into various hosts. In addition, these studies will permit the elucidation of the
biochemical pathways activated upon receptor occupation, which to date remain poorly
defined

.

Protein Chemistry

A protein chemoattractant for neutrophils, interleukin 8, has recently been defined,
having sequence identity to several host defense cytokines. All members of this
group of proteins contain four half-cysteine residues at identical positions. The
solution conformation has been investigated by two-dimensional nuclear magnetic
resonance spectroscopy. The protein contains a triple-stranded anti-parallel j3-

sheet and a long C-terminal helix. The determination of the three-dimensional
structure in solution is currently in progress. A second protein chemoattractant
for human monocytes has been purified from the culture supernatant of a glioma cell
line and phytohemagglutinin-stimulated human mononuclear leukocytes. This monocyte
chemoattractant is part of another group of proteins with four half-cysteine
residues. They can be distinguished from the first group, since the first two half-
cysteines are adjacent. Many mitogenic and activation stimuli cause secretion of
the monocyte attractant by a wide variety of cells, including l5miphocytes and
vascular smooth muscle cells. Detailed analysis of the three-dimensional structure
is being carried out, a key to understanding the structure /function relationship
of these proteins.

The surface receptor for urokinase plasminogen activator (uPA) has been recognized
in recent years as a key molecule on regulating plasminogen-mediated extracellular
proteolysis. The presence of receptors on the cell surface for plasminogen and uFA
provides the cells with the potential to produce surface-bound plasmin. This
property regulates intercellular adhesions, degradation of basement membranes and
the extracellular matrix, and therefore the capacity of the cells to migrate and
invade neighboring tissues. We have biochemically purified the uPa receptor and
obtained a partial N-terminal sequence. An oligonucleotide probe synthesized on
the basis of the N-terminal sequence has been used to screen a cDNA library.
Several clones were obtained, and the sequence of one these appears to encode the
complete uPA receptor molecule. The availability of the uPA receptor cDNA will
allow a detailed study of its interaction with ligand, as well as of its role in
invasive and migratory abilities of malignant and embryonic cells, respectively.
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Isolation and Biological Significance of a Mutated p53 Gene

The nuclear phosphoprotein p53 is a critical component of the normal cell cycle,
regulating the transition o£ cells from G^ into S phase. Mutant forms of p53,
however, have been shown to cooperate with ras in the transformation of rat embryo
fibroblasts. Despite this oncogenic potential of mutant p53, wild-type p53 has been
shown to suppress the cooperation between ras and mutant p53. This suggests that
normal p53 may suppress the immortalized phenotype of transformed cells. Mutant
p53 in the mouse had also been shown to form tight complexes with members of the
70-kDa family of HSPs . We recently established the first association of human p53
with the hsp 72/hsc 73 HSPs, in the human osteosarcoma (HOS) -derived cell line HOS-
SL. Given this association, we wanted to determine if in fact a mutant form of p53
was encoded by these cells. We constructed a cDNA library from the HOS-SL cells
and obtained two independent and distinct cDNA clones. These clones were sequenced
and shown to be identical at all comparable bases. They were also identical to all
previously determined human p53 sequences, except at codon 156, where a G to C point
mutation in the HOS-SL sequence led to an arginine to proline amino acid
substitution. This apparent mutation in p53 is the first identification of such
an event in osteosarcoma cells.

Several phenotypically different sublines have been derived by various treatments
of the nontrans formed, parental HOS osteosarcoma cell line. These include both
virally and chemically transformed sublines, as well as revertant sublines. The
polymerase chain reaction was utilized to amplify genomic DNA from these cell lines
over the region containing the codon 156 mutation. Oligonucleotide probes, specific
for the wild-type and mutant sequences, were used in differential hybridization
analysis of these amplified DNAs to determine what sequence was present at codon
156. In each of the cell lines assayed by this method, only the mutant sequence
could be detected. Importantly, the cell line KHOS/NP, which is a tumorigenic
subline transformed by the Kirsten mouse sarcoma virus, contained the mutant p53

sequence. Since Ki-MSV contains the v-ras gene, the fact that these cells are fully
transformed (by various growth and tumorigenesis assays) suggests that the type of

cooperation between mutant p53 and ras observed in the mouse is also possible in

human cells

.
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Annual Report

LABORATORY OF TUMOR IMMUNOLOGY AND BIOLOGY
FY 1989

The Laboratory of Tumor Immunology and Biology carries out a range of
investigations in tumor immunology, tumor cell biology, and molecular biology.
Areas of particular emphasis include: (a) the identification and
characterization of cellular genes associated with the development of carcinoma,
both in rodents and humans; (b) biochemical mechanisms of oncogene expression,
and cell growth regulation; and (c) the characterization and utilization of
monoclonal antibodies directed against tumor-associated antigens, with emphasis
being placed on the study of human carcinoma cell populations, and potential
diagnostic and therapeutic applications.

The Laboratory of Tumor Immunology and Biology is composed of five
Sections: The Cellular and Molecular Physiology Section (Dr. Herbert Cooper,
Chief); The Biochemistry of Oncogenes Section (Dr. Robert Bassin, Chief); The
Oncogenetics Section (Dr. Robert Callahan, Chief); The Experimental Oncology
Section (Dr. Jeffrey Schlom, Chief); The Cellular Biochemistry Section (Dr. Yoon
Sang Cho-Chung, Chief) . Although each of the five Sections represents an
independent program of scientific research, many collaborative studies are
carried out between Sections. Below is a summary of the research activities
being carried out in the Laboratory of Tumor Immunology and Biology.

BIOCHEMISTRY OF ONCOGENES SECTION (R. Bassin, Chief)

"Anti-oncogenes" : The Analysis of Cellular Resistance to Transformation . A new
technique has been developed for isolating cells that resist transformation by
specific oncogenes using 4-cis-hydroxy-L-proline as a selective agent.
Additional revertants are being characterized from ras-transformed cells. The
new revertants are resistant to transformation by members of the ras gene family
and to certain tyrosine kinase oncogenes, but they are sensitive to

retransformation by mos , raf, and fos. Combining the retransformation data
observed here with those from our ouabain-derived revertants isolated previously
(C-11 and F-2), it has been found that all oncogenes can be placed into one of

four groups, and data suggests that this represents a primitive functional
classification. If true, the ras gene would require the role of at least two
cellular functions (such as attachment to the cell membrane and kinase activity)
to successfully transform mouse cells.

In another series of experiments, 3 of 10 otherwise inactive human tumor
DNA samples tested positive for focus-forming activity when used to transfect
indicator cells incubated without serum. Cells infected with the mouse c-myc
gene in a retroviral vector also efficiently transform N1H/3T3 clone 7 cells in

the absence of serum. The inhibition of focus-forming activity of c-myc appears
to take place after the synthesis of myc-specif ic mRNA. The nature of the
inhibitor present in serum is now being studied.

The Role of TGFa in the Etiology and Progression of Breast Cancer . Transforming
growth factor alpha (TGFa) has been circumstantially implicated in the autocrine
growth of a number of different rodent and human tumor cells in vitro. However,
its distribution and role in the etiology and/or progression of rodent and human
breast cancer are relatively unknown. The present studies have demonstrated that

biologically active and immunoreactive TGFot can be detected in hormone
(estrogen) -dependent , DMBA- or NMU-induced rat mammary adenocarcinomas and that
these tumors possess a specific 4.8-kb TGFa mRNA. These tumors also express
elevated levels of c-Ha-ras protein (DMBA tumors) or possess a point-mutated c-

Ha-ras gene (NMU tumors). Ovariectomy results in tumor regression and is
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preceded by a specific decrease in TGFa mRNA and protein. Transformation of

nontransforined mouse mammary epithelial cell lines with a point-mutated c-Ha-ras
protooncogene results in the loss in mitogenic responsiveness of these cells to
exogenous epidermal growth factor (EGF) and a reduction in the number of
unoccupied EGF receptors on these cells due in part to an enhanced production and
secretion of TGFa. Several human breast cancer cell lines also secrete TGFa and
possess TGFa mRNA. In the estrogen-responsive breast cancer cell lines, estrogen
can induce a 3- to 5-fold increase in TGFa mRNA and protein. Treatment of these
cells with a polyclonal anti-TGFa antibody or with a monoclonal anti-EGF receptor
antibody can inhibit the growth of these cells in vitro. Elevated levels of TGFa
protein or expression of TGFa mRNA can be detected in 50-60% of primary human
breast tumors. No evidence was found for any gross amplifications and/or
rearrangements of the TGFa gene in these tumors. Additionally, overexpression of

a human TGFa gene in a cloned immortalized population of mouse mammary epithelial
cells can lead to the malignant transformation of these cells in vitro and in

vivo. Collectively, these results suggest that TGFa can function as an autocrine
growth factor for a subset of rodent and human breast tumors, that estrogens or

activated protooncogenes such as ras can enhance the expression of TGFa, and that
enhanced production of TGFa can lead to the transformation of mammary epithelial
cells that have a sufficient complement of functional EGF receptors.

CELLULAR BIOCHEMISTRY SECTION (Y. S. Cho-Chung. Chief)

The Cellular Biochemistry Section studies the control mechanism of cell
growth and differentiation by cyclic AMP (cAMP). Using new derivatives of cAMP,
site-selective cAMP analogs, whose effects far exceed that of parent cAMP or the
previously studied cAMP analogs, we anticipate achieving our research goals in
the following areas: (1) a better understanding of the regulatory mechanisms of

cell growth and differentiation, (2) a clearer definition of the derangement of
cAMP-ef fector function in neoplastic transformation and progression, and

(3) improved management of human cancers by providing the non-toxic biological
compounds (site-selective cAMP analogs) as antineoplastics and chemopreventives

.

Our studies being conducted in two projects are summarized below.

Site-selective cAMP Analogs as Antineoplastics and Chemopreventives . The
physiologic role of cAMP in the growth control of a spectrum of human cancer
lines, including leukemic lines, v-rasH oncogene-transformed NIH/3T3 cells, and
v-ras*^^ or TGFa-transformed NRK (normal rat kidney) cells, is demonstrated by the
use of site-selective cAMP analogs. These cAMP analogs, which can select either
of the two known cAMP binding sites of the cAMP receptor protein, induce potent
growth inhibition, phenotypic change, and differentiation of cancer cells
(leukemic cells) at micromolar concentrations with no sign of cytotoxicity. The
growth inhibition parallels selective modulation of cAMP-dependent protein kinase
isozymes, type I versus type II, and suppression of cellular proto-oncogene
expression. Site-selective cAMP analogs thus provide new biological tools for
investigating cell proliferation and differentiation and also for the improved
management of human cancers.

Mechanism of cAMP Action in Growth Control and Differentiation: Gene Regulation .

Recent evidence suggests a direct action of cAMP on mammalian genes in which the
cAMP-dependent protein kinase might interact directly with target genes. Since
cAMP-dependent protein kinase is exclusively present in the cytoplasm, any
nuclear function of the protein kinase must require its nuclear translocation.
It was found that the growth inhibition and morphological change (human cancer
cell lines), differentiation (leukemic cells), and phenotypic reversion (v-ras -,

v-ras*^^-, and TGFa-transformed cells) induced by site-selective cAMP analogs
correlated with the nuclear translocation of RII cAMP receptor protein, the
regulatory subunit of protein kinase type II, which was detected within 10 min
after the analog treatment. The goal of this study is to provide direct evidence
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of interaction between the cAMP consensus sequences, cAMP responsive element
(CRE) and cAMP receptor protein and/or a phosphoprotein substrate of protein
kinase

.

ONCOGENETICS SECTION (R. Callahan, Chief)

Mammary Tumorlgenesis in Inbred and Feral Mice . The study of experimentally-
induced mammary tumors has focused primarily on several mouse strains that are
infected with mouse mammary tumor virus (MMTV) and have been inbred for a high
incidence of mammary tumors. We have expanded this study to include other
species of MMTV-infected feral mouse strains that have not been bred for high
mammary tumor incidence. MMTV appears to induce mammary tumors by acting as an
insertional mutagen that leads to the activation of previously silent cellular
genes (int genes). We have previously shown that the inbreeding program used to
develop the high-incidence mouse strains may also have fixed other cellular
mutations that affect the frequency with which int-l and int-2 are activated.
The int-l and int-2 genes are much less frequently activated in feral mouse
mammary tumors, raising the possibility that other int loci are active in these
tumors. We described one such locus, designated int-3, in CZECHII V"^ feral mice.
The organization of int-3 differs from that of int-l or int-2. MMTV insertions
occur within a 500-bp region of the cellular genome on chromosome 17. Viral
insertion at this locus leads to the activation of the expression of two cellular
RNA species that correspond to host flanking sequences located 5' and 3' of the
viral insertion site, respectively. We are currently determining the nucleotide
sequence of recombinant cDNA clones corresponding to each of these RNA species.
Mice chronically infected with MMTV frequently contain preneoplastic hyperplastic
alveolar nodules (HAN) , which can be transplanted as hyperplastic outgrowth (HOG)
lines. We have found that in three of four CZECHII HOG lines, int-l is occupied
by an MMTV genome. This suggests that activation of int-l is an early event in
MMTV-induced mammary tumorlgenesis. Human breast tumors frequently express
tumor-associated antigens. One of these, the carcinoembryonic antigen (CEA) is a

member of the family of related glycoproteins that are expressed normally in
fetal tissue, the placenta, and other adult tissues. We have found that MMTV-
induced CZECHII V"^ mammary tumors express a 4.0-kb RNA species that is related to
human CEA.

Biological Effect(s) of Oncogenetic Elements on Mammary Cell Growth and
Senescence . A number of genetic elements have been implicated in the process of
malignant transformation in the mammary glands of experimental animals and
humans. The mouse mammary gland provides an excellent experimental model within
which to elucidate the function of these putative mammary oncogenes during the

growth, development, and differentiation of mammary tissue in vivo. Any portion
of the adult mouse mammary gland at any age and throughout all stages of
differentiation can repopulate the gland-free mammary fat pad of syngeneic mice
upon transplantation. Similar results are obtained when dissociated glandular
epithelium is injected into the fat pad or alternatively grown in culture under
prescribed conditions prior to reintroduction into the mammary fat pad. We have
initiated experiments designed to evaluate the feasibility of introducing
functional genetic elements into mouse mammary cells with recombinant retroviral
expression vectors antecedent to the reintroduction of these cells into a gland-
free fat pad. Paramount to the success of such a project is the maintenance of
the "repopulation potential" of the mammary epithelial cells. Our studies and
those of others indicate that the number of cells capable of repopulation of the
fat pad is small initially and the ability to repopulate is gradually lost
through mitotic events. We have morphologically identified a potential candidate
for these "mammagenic" cells in situ and in explant cultures. These cells seem
to differentially express certain cytokeratins during growth and expansion of the

mammary gland in vivo, suggesting that specific keratin expression could serve as

a marker for these "stem" cells. In addition, primary mammary cell cultures are
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being evaluated for the efficiency of retroviral gene transfer, the level of
recombinant trans-gene expression in the infected cultures, and the stability of
recombinant retroviral gene expression in "mammagenic cell populations"
subsequent to repopulation of the gland-free mammary fat pads. We have developed
a number of partially transformed preneoplastic mammary outgrowth lines which are
carried serially in vivo by transplantation into gland-free mammary fat pads.
Cells from these lines have been grown in vitro and are capable of repopulating
mammary fat pads subsequently. These cells are being tested for retroviral gene
transfer studies.

The Identification and Characterization of Human Genes Associated with Neoplasia .

The etiology of human breast cancer is thought to involve a complex interplay of
genetic, hormonal, and dietary factors that are superimposed on the physiological
status of the host. Attempts to derive a cohesive picture of how these factors
participate in the etiology of breast cancer have been confounded by a lack of
information on specific mutations associated with the initiation and progression
of the disease. We have undertaken a strategy that is aimed at determining, on a
molecular level, those genetic alterations in primary breast tumor DNA that have
a statistically significant association of patient history, tumor
characteristics, and patient postsurgical prognosis. The int-2 gene is
frequently activated in mouse mammary tumors by the mouse mammary tumor virus
(MMTV) via insertional mutagenesis. We previously found that int-2 is amplified
2- to 15-fold in 1A% of primary human breast tumor DNAs (n = 118) and has a
significant association (p < 2 X 10"*) with a poor prognosis for the patient. We
have now defined the amplification unit on chromosome llql3 and found that 17 of
18 tumors amplified for int-2 were also amplified for hst and bcl-l. The hst and
int-2 genes are both related to basic fibroblast growth factor. The bcI-1 locus
defines the translocation t(ll;14) breakpoint in B-cell chronic lymphocytic
leukemias . In a l5rmph node metastasis of a breast cancer patient, int-2 but not
hst was expressed. In 10% of the primary breast tumor DNAs (n = 122) the c-erbB-
2 gene was amplified. The c-eri>B-2 gene is related to the gene encoding the
epidermal growth factor receptor. However, in contrast to one published report,
we found no significant association with patient postsurgical prognosis or other
aspects of patient history and tumor characteristics. In other studies, we
detected the expression of MMTV-related human RNA sequences in breast tumor-
derived cell lines and have obtained recombinant cDNA clones of these sequences
for further analysis.

Cloning of Anti-Tumor Antigen Immunoglobulin Genes (The Summary of these studies
appears under the Experimental Oncology Section [below] for continuity.)

CELLULAR AND MOLECULAR PHYSIOLOGY SECTION (H. Cooper. Chief)

Cytoskeletal Proteins in Oncogenic Transformation and Human Neoplasia . We are
examining the relationship between neoplastic transformation and biochemical
derangements of expression or utilization of tropomyosins (TMs). In NIH/3T3
fibroblasts transformed by a number of related and unrelated retroviral
oncogenes, expression of the transformed phenotype was reproducibly correlated
with suppression of synthesis of two specific TM isoforms ("muscle type"). Of
all the proteins detectable on two-dimensional gel electrophoresis of whole-cell
proteins, only the TMs behaved in this way. Treatment of rat fibroblasts with
tumor growth factor-a (TGF-a), in addition to inducing the transformed phenotype,
specifically suppressed synthesis of muscle-type TMs and inhibited their
utilization in the cytoskeleton, strengthening the connection between suppression
of TM and expression of the transformed phenotype and adding support at the
biochemical level for an autocrine pathway in oncogene action. The findings
point out the close biochemical relationship between epidermal growth factor
(EGF) receptor activation and microfilament organization. Tropomyosin expression
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in relation to oncogene expression and neoplasia is being studied in murine and
human epithelial cell systems. In mouse mammary epithelial cells transformed by

the Ha-ras oncogene, the ratio of TM to actin accumulating in the cytoskeleton
was reduced, indicating the production of microfilaments deficient in TM. The TM
isoforms expressed by normal diploid human mammary epithelial cells have been
compared with the pattern expressed by breast carcinoma cell lines. Defects in
expression of particular TM isoforms occurred in all of the breast carcinoma cell
lines studied, suggesting a possible role of deranged TM expression in human
neoplasia.

Studies on the Nature and Function of the Phosphoprotein, Prosolin . We have
extensively characterized prosolin, a major cytosolic protein of proliferating
HL-60 promyelocytic leukemia cells that undergoes very rapid phosphorylation in
response to treatment of the cells with tumor-promoting phorbol esters like TPA
as an early step in a pathway leading to cessation of cell growth and onset of
monocytoid differentiation. Prosolin has now been identified in proliferating
human peripheral blood lymphocytes (PBL) by tryptic peptide mapping of proteins
isolated from two-dimensional electrophoretic gels. While virtually absent from
resting PBL, prosolin expression is induced by mitogens as a late event, during
the onset of S-phase. Its level of synthesis correlates with the prevalent level
of DNA synthesis. Prosolin undergoes rapid phosphorylation in proliferating PBL
in response to TPA treatment, together with an inhibition of DNA synthesis.
Phosphorylation of prosolin may be part of the mechanism by which naturally
occurring growth inhibitory factors terminate normal lymphocyte proliferation.
T-cell leukemia cell lines show a marked reduction in the rapidity of the
phosphorylation of prosolin in response to TPA and other agents. The degree of
reduction of the TPA-induced phosphorylation of prosolin in T-cell leukemias is

related to the degree of undif ferentiation of the neoplastic cells. We are
cloning and sequencing cDNAs to prosolin. Partial amino acid sequence data were
obtained by analysis of tryptic peptides of prosolin isolated from two-
dimensional electrophoretic gels. Degenerate oligonucleotide probes were
synthesized and used to probe a lymphoblast cDNA library. Positive clones are

currently being analyzed.

ENDOCRINOLOGY WORKING GROUP (B. Vonderhaar)

Hormones and Growth Factors in Development of Mammary Glands and Tumorigenesis .

The mammary gland is a complex organ whose growth and development is controlled
by the interaction of a wide variety of hormones and growth factors. These same
factors play fundamental roles in the etiology and progression of the cancerous
state. The first event in the action of these hormones and growth factors is the

interaction with specific cell associated receptors. The availability and

activity of each class of receptor is regulated by the ligand which it recognizes
as well as the general hormonal /growth factor milieu of the target cell. Our
emphasis has been on the interactions of prolactin, thyroid hormone, and

estrogens with recent work also examining how epidermal growth factor (EGF) , and

EGF-like growth factors are affected by the interplay of these three classical
hormones. In addition we have explored the relationship of membrane associated
antiestrogen binding sites to the lactogenic hormone receptor and the action of

platelet derived growth factor (PDGF) on human breast cancer cell growth in

culture. T47D cells have specific PDGF receptors and respond to its growth
promoting signal by inducing phosphorylation of a 65Kd protein in the calelectrin
family. Lobulo-alveolar development of the mammary gland requires the priming
action of both estrogen and progesterone to induce EGF receptors and production
of EGF-like growth factors. In concert with insulin, prolactin and
glucocorticoids, EGF or a-TGF can promote full lobulo-alveolar development in

vitro. The primed mammary gland is more sensitive to a-TGF than to EGF. Growth
promotion of MCF-7 human breast cancer cells by prolactin can occur in the
complete absence of estrogens. Prolactin induced growth of the estrogen receptor
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negative Nb2 rat lymphoma cell can be blocked by non-steroidal antiestrogens such
as tamoxifen. This action is through the membranous antiestrogen binding site
(AEBS) which may be intimately associated with the prolactin receptor. The
antiprolactin action of tamoxifen, working through the AEBS, may have important
clinical implications.

EXPERIMENTAL ONCOLOGY SECTION (J. Schlom. Chief)

The studies being conducted within the Experimental Oncology Section can be
divided into 8 major areas as detailed below. It should be emphasized that there
is a great deal of cooperation and interaction among senior scientists involved
in many of these projects.

Monoclonal Antibodies Define Carcinoma-Associated and Differentiation Antigens .

These studies involve the generation, characterization, and utilization of
monoclonal antibodies (MAbs) directed against antigens associated with human
carcinoma. These MAbs are being used to better understand the cell biology and
pathogenesis of several human carcinomas and to provide reagents that may be
useful in several areas of the management of human carcinoma. These include in
vitro diagnosis via serum assays and/or immunohistopathology , in vivo diagnosis
such as gamma scanning, and potentially therapy. The MAbs generated thus far can
be classified into three groups based on the expression of the detected antigens.
These are (a) antigens differentially expressed in human carcinoma versus normal
adult tissues, such as the pancarcinoma tumor-associated glycoprotein (TAG) -72
which is detected by MAb B72.3, and carcinoembryonic antigen (CEA) which is
detected by MAbs COL-1 through COL-15; (b) tissue-associated antigens, such as
the breast-associated antigen detected by MAb DF3 , and the colon-associated
antigens detected by MAbs D612 and CAA; and (c) oncogene- or retroviral-related
gene products, such as int-2.

Since MAb B72.3 has been shown to selectively target a range of carcinomas
in clinical trials involving several hundred patients, studies were undertaken to
characterize a series of "second generation" MAbs to the TAG-72 antigen. Initial
studies indicate that some of these second generation CC MAbs, such as CC83 and
CC49, have a higher affinity constant for TAG-72 than B72.3, and may be better
suited than B72.3 for some clinical applications. A serologic map of TAG-72 is
currently being constructed with 19 TAG-72 MAbs. Studies are also currently in
progress in the analysis of the COL MAb series and MAb D612 to define which MAbs
are best suited for in vivo clinical applications. Major emphasis is being
placed on the generation and analyses of recombinant /chimeric (rec/chi) MAbs
versus TAG-72 and CEA and a rec/chi form of MAb D612, and modified constructs of
the above rec/chi immunoglobulins. These rec/chi constructs and modified forms
may be better suited for diagnostic and therapeutic applications and may help to
better define mechanisms of antibody-directed cell-mediated cytotoxicity.

Characterization of Human Tumor-Associated Antigens . Human adenocarcinoma cells
secrete and express on their cell surfaces high-molecular-weight, mucin-like
glycoproteins that bear epitopes that are highly restricted to carcinoma cells.
Monoclonal antibody B72.3, which has been extensively characterized as to
reactivity with a variety of carcinomas versus normal tissues, reacts with such a
mucin-like glycoprotein. The B72 . 3-reactive antigen, designated TAG-72, was
partially purified and used as immunogen to produce second generation anti-TAG-72
antibodies, designated CC antibodies. Based on competitive binding studies, a
number of the epitopes recognized by the anti-TAG-72 antibodies appear to be
structurally or spatially related, but none of 18 analyzed appears to be
identical. One of the second generation antibodies was selected to develop a
procedure to purify preparative amounts of TAG-72. TAG-72, extracted from
xenografted human colon carcinoma cells, was subjected to antibody-affinity,
size-exclusion, and ion-exchange chromatography. A double determinant radio-

518



immunoassay revealed a greater than 1000-fold purification with a greater than
10% yield. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
analysis of radiolabeled purified TAG-72 revealed a polydisperse , but apparently
homogenous, high-molecular-weight glycoprotein. The density of purified TAG-72
was 1.45 g/ml, indicating a high degree of glycosylation. Amino acid analysis of
the purified TAG-72 revealed a profile highly similar to that reported for other
purified mucins. The results of double immunodiffusion assays indicate that each
epitope recognized by the anti-TAG-72 antibodies is expressed in multiple copies
on the TAG-72 molecule. The purified TAG-72 has been partially deglycosylated
with trifluoromethane sulfonic acid in preparation for amino acid sequence
analysis. Other studies are underway to determine the physical location,
coexpression, and chemical makeup of the various tumor-specific epitopes borne on
the purified TAG-72; to analyze and compare TAG-72 derived from other sources,
including other human solid tumors, pleural effusions, ascites fluids, serum,
etc., with that derived from LS174T xenografts; and to compare the spectrum of
expression of the various tumor-specific epitopes on TAG-72 derived from various
sources

.

Augmentation of Tumor Antigen Expression . Previous studies have shown that
treatment of human carcinoma cells with type I (i.e., IFN-aA) or type II (i.e.,
IFN-7) interferons increased the level of expression of several distinct tumor
antigens (i.e., 90-kD antigen, CEA and TAG-72), resulting in an enhanced level of
binding of monoclonal antibodies (MAb) B6.2, COL-1, and B72.3, respectively.
IFN-aA treatment of mice bearing breast or colorectal xenografts enhanced the
localization of ^^^I-B6 . 2-F(ab ' )2) several fold. Cells were also isolated from
pleural or peritoneal effusions of patients diagnosed with adenocarcinoma,
malignant nonepithelial tumors, and benign diseases and analyzed for constitutive
TAG-72 and the ability of IFN-aA, IFN-jS^^^^ and IFN-7 to increase MAb B72.3
binding. TAG-72 expression was confined to those effusions isolated from
patients diagnosed with metastatic adenocarcinoma (i.e., 35 of 43 effusions).
Treatment with either type of interferon resulted in an increase in B72.3 binding
in 27 of the 35 (77.1%) TAG-72 positive samples. The results provide further
evidence that the interferon-mediated increase in human tumor antigen expression
may be useful in the detection and or treatment of occult tumor lesions.

Isolation and Characterization of Genes Coding for Carcinoma-Associated Antigens .

Recent studies have demonstrated that CEA belongs to a multigene family related
to the immunoglobulin supergene family. These include CEA, normal cross-reacting
antigen (NCA) , biliary glycoprotein (BGP), and human pregnancy-specific beta 1-

glycoprotein (SPl). A 550-base pair CEA probe derived from cloned complementary
DNA was used to carry out Southern analysis of the DNA isolated from normal and
colon tumor cell lines. At high stringency, the CEA probe detected seven 5amHl
fragments in all DNAs analyzed. Results of the Southern analysis demonstrate no
amplification or rearrangement of the CEA genes in tumor cells. Methylation-
sensitive restriction endonucleases , Hpall and Hhal, were used to compare the
degrees of methylation of the CEA family of genes in normal and colon tumor cell
lines. The results demonstrate that the CEA family of genes exists in a state of
hypermethylation in normal cells. In contrast, the CEA gene(s) are relatively
hypomethylated in the tumor cell lines, suggesting a correlation between the
state of methylation and degree of expression of the CEA gene(s). Using a CEA
cDNA probe, we have investigated the phenomenon of up-regulation of CEA
expression in human tumor cell lines by recombinant human gamma- interferon (Hu-

IFN-7) . An increase in MAb binding was shown to be accompanied by a 6- to II-

fold increase in the steady-state levels of three CEA transcripts with sizes of

4.2, 3.5, and 2.8 kb . Normal human fibroblasts had no detectable cytoplasmic CEA
glycoprotein levels nor did they contain detectable levels of CEA mRNA, either
before or after treatment with Hu-IFN-7. Our observations suggest that some
common factors may also be involved in the regulation of the CEA and class II
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histocompatibility genes. Studies are also in progress to identify and
characterize the gene(s) encoding the TAG-72 antigen.

Antibody Directed Cellular Immunotherapy of Colon Cancer . This project is
examining the role that monoclonal antibodies (MAb) against human colonic tumor
antigens have in directing and augmenting the cytotoxic activity of NK/LAK cells
and T cells. A MAb designated D612 (IgG2a) has been generated that reacts
homogeneously with the cell surface of approximately 80% of primary or metastatic
colorectal carcinomas. Normal tissue reactivity of D612 is confined mainly to
the small and large intestine, while non-gastrointestinal normal tissues are
routinely negative. D612 mediated antibody-dependent cellular cytotoxicity in
conjunction with normal human peripheral blood mononuclear cells was found to be
increased by effector cell activation with interleukin 2 (IL-2). For retargeting
of T cells, heteroantibody conjugates between the anti-colon tumor MAb, B38.1,
and anti-CD3 (OKT-3) were chemically prepared, and these were tested along with
effectors obtained from PBMNC stimulated with anti-CD3 and IL-2. The
heteroantibody-mediated cellular cytotoxicity activity was similar on a per cell
basis among effector populations prepared by stimulation with IL-2, anti-CD3, or
a combination of these reagents. However, the total lytic activity of anti-CD3 +

IL-2-stimulated cultures was much higher due to the greater expansion in cell
number achieved by the combination treatment. These studies suggest that MAbs
with restricted normal tissue reactivity and ability to direct the cellular
cytotoxicity of a broader spectrum of killer lymphocytes activated by lymphokines
and other agents might augment the efficacy of colon cancer immunotherapy.

Cloning of Anti-Tumor Antigen Immunoglobulin Genes (Part of Oncogenetics Section,
LTIB). The main objective of this research project is to genetically engineer
immunoglobulin genes to generate useful reagents for in vivo localization and
therapy of human tumors. The usefulness of mouse MAbs for in vivo therapy and
diagnosis of human tumors is limited because of their immunogenic ity in patients.
This problem can be reduced by replacing the constant region of the mouse
antibody with the constant region of the human antibody, using recombinant DNA
techniques. To that end, we have cloned the rearranged heavy and light variable
regions as well as the cDNA copies of the heavy and light chain gene messages of
the MAb B72.3. Chimeric heavy and light chain immunoglobulin genes have been
constructed. They were inserted separately into appropriate expression vectors.
Stable chimeric antibody-producing cell lines were developed by introducing these
constructs into both fibroblast and myeloma cell lines. Chimeric antibody
produced either from cDNA clones or clones of the rearranged genes retained
specificity and binding properties of the parental antibody. Studies are
underway to develop modified constructs of recombinant /chimeric B72.3 as well as
other anti-tumor MAbs.

Immunoassays for Human Carcinoma Associated Antigens and Localization and Therapy
Using Labeled Monoclonal Antibodies: Model Systems . Immunoassays for the
detection of circulating tumor associated antigens and assays for the support of
clinical trials have been developed. We are using these assays to examine sera
and effusions from a variety of sources to study their utility to detect
carcinoma. We have developed a second generation of MAbs against a tumor-
associated antigen, TAG-72, and used them in the development of a more efficient
assay for TAG-72. This assay, designated CA 72-4 (using MAbs B72.3 and CC49) was
developed in collaboration with Centocor and used to examine a panel of sera from
patients with adenocarcinomas as well as benign diseases. Only 0.5% of 744 sera
primarily obtained from blood donors had TAG-72 levels >10 U/ml. Similarly only
2.2% of 134 samples from patients with benign gastrointestinal diseases had TAG-
72 levels >10 U/ml. Approximately 32% of 303 patients with gastrointestinal
malignancies had serum TAG-72 >10 U/ml; approximately 44% of the patients with
advanced disease had elevated TAG-72 levels. Patients with adenocarcinomas from
a variety of other sites also had levels of TAG-72 above the reference value.
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The potential utility of the CA 72-4 assay to be used in combination with CEA was
demonstrated in patients with gastric cancer.

A number of new chelate-conjugates have been developed enabling the binding
of radiometals to proteins. These are currently being tested in human tumor
xenograft models. These new constructs have been covalently linked to B72.3 IgG

to determine which resulted in the best biodistribution after labeling with In-

Ill and Y-88 (used as a substitute for Y-90). The 1- (p-isothiocyanatobenzyl)
diethylenetriaminepentaacetic acid ( SCN-Bz-DTPA) chelate-conjugate, gave the best
biodistribution after labeling with either In-Ill or Y-88. The biodistribution
of the Y-88 and In- HI labeled MAbs differed significantly, illustrating the
difficulties in using In- 1 1 1-labeled MAbs to predict the distribution and
dosimetry of Y-90-labeled MAbs.

New anti-TAG-72 MAbs (designated CC) have been developed and compared to

B72.3 in the LS-174T model system. All exhibited higher %ID/gm and tumor:tissue
ratios than B72.3; differences in the pharmacokinetics were noted among the CC

MAbs.

A recombinant /chimeric form of B72.3 has been developed using the variable
regions of the murine B72.3 and human heavy chain (74) and light chain (k)

constant regions. The cB72.3(74) IgG was radiolabeled and the biodistribution
was studied in athymic mice bearing LS-174T xenografts. Minor differences were
observed between the cB72.3(74) and the native B72.3 in the %ID/gm that localized
in the tumor

.

Anti-Carcinoma Monoclonal Antibodies Clinical Trials . This project involves the

use and the proposed use of several monoclonal antibodies (MAbs) in both
diagnostic and therapeutic collaborative clinical trials. To date, approximately
500 patients have been administered radiolabeled B72.3 in tumor-localization
studies carried out in several institutions, with similar findings of

approximately 70-80% tumor targeting observed.

We first investigated the administration of radiolabeled MAb B72.3 IgG in

colorectal cancer patients. The selective localization of ^^'l-MAb B72.3 IgG was
demonstrated in biodistribution studies in which the percentage of injected dose

of MAb per gram of each tumor was compared with that of the normal tissues, thus

providing a relative radiolocalization index (RI) for each lesion. Of the tumor
lesions, 70% (99/142) had an RI of at least 3 (i.e., 3 times greater uptake per
gram than normal tissues). We have also conducted studies to determine the

feasibility of intraperitoneal administration of radiolabeled B72.3 for tumor

localization (via both gamma scanning and direct analyses of biopsy specimens).
Several patients studied were negative for tumor detection by both CT scan and

X-ray but were positive for tumor localization via gamma scanning. Direct
analyses of biopsy specimens of carcinoma and normal tissues demonstrated ratios

of 3:1 to up to 70:1 for tumor MAb localization versus normal tissues.

A phase I therapy trial involving intraperitoneal administration of ^^^I-

B72.3 IgG in patients with ovarian or colorectal carcinoma confined to the

peritoneal cavity has begun. The use of recombinant /chimeric MAbs, second

generation MAbs, and new MAb-isotope conjugates are planned.
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colorectal cancer patients. The selective localization of '-"l-MAb B72.3 IgG was
demonstrated in biodistribution studies in which the percentage of injected dose
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providing a relative radiolocalization index (RI) for each lesion. Of the tumor
lesions, 70% (99/142) had an RI of at least 3 (i.e., 3 times greater uptake per
gram than normal tissues). We have also conducted studies to determine the
feasibility of intraperitoneal administration of radiolabeled B72.3 for tumor
localization (via both gamma scanning and direct analyses of biopsy specimens).
Several patients studied were, negative for tumor detection by both CT scan and
X-ray but were positive for tumor localization via gamma scanning. Direct
analyses of biopsy specimens of carcinoma and normal tissues demonstrated ratios
of up to 70:1 for tumor MAb localization versus normal tissues.

A phase I therapy trial involving intraperitoneal administration of '^'l-B72.3 IgG
in patients with ovarian or colorectal carcinoma confined to the peritoneal cavity
has begun. The use of recombinant /chimeric MAbs and other MAb-isotope conjugates
are planned.__^ 522
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Major Findings

We have investigated the administration of radiolabeled MAb 572. 3 IgG in

colorectal cancer patients. These studies were possible due to a previously
ongoing NCI Surgery Branch protocol for the treatment of patients with metastatic
colorectal carcinoma, which involved the surgical resection of metastatic
colorectal cancer lesions plus adjacent "normal" tissues for staging and
therapeutic purposes. Thus, gamma scanning followed by a direct examination of

tumor and a variety of normal tissues for MAb localization could be achieved. In
our first trial, B72.3 IgG was labeled with '^^I and injected i.v. into 20

patients with known or suspected colorectal cancer. The selective localization
of ^^^I-MAb B72.3 IgG was demonstrated in biodis tribution studies in which the
percentage of injected dose of MAb per gram of each tumor was compared with that
of the normal tissues, thus providing a relative radiolocalization index (RI) for

each lesion. Of the tumor lesions, 70% (99/142) had an RI of at least 3 (i.e., 3

times greater uptake per gram than normal tissues), and 31% of the tumor lesions
had RIs of over 10. Only 12 of 210 (6%) histologically normal tissues had RIs of

>3; either these tissues were adjacent to or draining tumor masses or, as in the

case of two patients, the high RI values were apparently due to deposition of

immune complexes in spleen. Several parameters were studied to determine factors
that might influence MAb localization. No differences in MAb uptake were
observed among carcinoma lesions for numerous anatomic locations. No toxicity
was observed. Additional studies employing "^In-B72.3 coadministered with ^^^I-

B72.3 are in progress.

We have also conducted a series of collaborative studies with the Department of

Surgery, Ohio State University (Dr. E. Martin) on the use of ^^^I-radiolabeled
B72.3 and an intraoperative hand-held probe, i.e., a gamma-detecting probe (GDP)

to detect occult gastrointestinal, as well as other carcinoma lesions, at

surgery. In initial studies using ''^I-B72.3 IgG, MAb was injected 5-42 days
preoperatively , and the hand-held GDP was used intraoperatively to help detect
the presence of tumor. Positive probe counts were detected in 5 of 6 (83%)
patients with primary colon cancer, and in 31 of 39 (79%) patients with recurrent
colon cancer.

We have conducted studies at the NIH to (a) determine the feasibility of

intraperitoneal administration of radiolabeled B72.3 for tumor localization (via
both gamma scanning and direct analyses of biopsy specimens); (b) determine the
specificity of tumor localization by the concomitant i.p. administration of ''"^I-

labeled B72.3 and an isotype matched control ^^^I-labeled MAb BL-3 (anti-
idiotype) IgG; (c) compare tumor localization of i.v. versus i.p. administered
MAb by the simultaneous administration of '^-I-B72.3 IgG i.v. and ^^'l-B72.3 IgG
i.p.; and (d) define the pharmacokinetics of plasma clearance of both i.p. and
i.v. administered radiolabeled MAb 872. 3. At the time of entry into the
protocol, all patients had confirmed or suspected metastatic colorectal
peritoneal lesions. Subsequent studies have also been conducted with ovarian
carcinoma patients with similar results. Four to seven days before surgery, all
patients were administered '^'l-labeled B72.3 IgG i.p. via a catheter. Three of
10 patients studied were negative for tumor detection by both CT scan and
X-ray but were positive for tumor localization via gamma scanning. Direct
analyses of biopsy specimens of carcinoma and normal tissues demonstrated ratios
of up to 70:1 (based on percentage of injected dose per kilogram) for tumor MAb
localization versus normal tissues. Specificity of I-B72.3 tumor targeting
was demonstrated by the concomitant administration of '^^^I-labeled isotype
identical (IgGf) control MAb. Simultaneous i.p. administration of '^^I-B72.3, and
i.v. administration of ''^'l-B72.3 in individual patients demonstrated:
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(a) peritoneal implants are targeted more efficiently via i.p. MAb
administration, and (b) hematogenous ly spread and lymph node metastases as well
as local recurrences are targeted more efficiently by i.v. administered MAb. No

antibody toxicity was observed in any patients. Pharmacokinetics of MAb
clearance demonstrated that only 10-30% of the i.p. administered MAb was found in

plasma. These studies thus demonstrated the efficacy of intracavitary MAb
administration as well as the advantage of the concomitant use of intracavitary
and i.v. administered MAbs for tumor targeting and for potential MAb-guided
therapy of metastatic carcinoma.

A phase I trial involving i.p. administration of '^^I-B72.3 IgG in patients with
ovarian or colorectal carcinoma confined to the peritoneal cavity has begun at

the NIH. These studies were initiated following dosimetry calculations that were
based on analyses of pharmacokinetics and tumor and normal tissues sampling of

diagnostic doses of i.p. administered '^'l-B72.3.
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Major Findings

In view of the potential clinical applications of monoclonal antibody (MAb) 872.

3

and our desire to further characterize the tumor-associated glycoprotein (TAG) -72

antigen, the decision was made to prepare "second generation" anti-TAG-72 MAbs

.

Because the source of purified TAG-72 used as immunogen was from a human colon
cancer (CC) xenograft, MAbs were given a CC designation. Mice were immunized
with purified TAG-72, and the resultant 2567 fusion cultures were assayed using
solid-phase radioimmunoassays (RIAs) for reactivity to breast and colon cancer
biopsies and for lack of reactivity to extracts of the following normal tissues:
kidney, bone marrow, lung, liver, colon, stomach, thyroid, polymorphonuclear
leukocytes, and erythrocytes. Ninety-nine cultures had the desired properties;
these were cloned twice and assayed further. This process resulted in the
selection of 28 hybridomas given a CC designation. These 28 CC MAbs were further
tested in RIAs and shown to fall into several groups on the basis of differential
reactivities to several carcinomas. The CC MAbs were also shown to be
nonreactive to carcinoembryonic antigen (CEA) and to biopsy extracts of 32 normal
human tissues. All 28 CC MAbs were tested using immunohistochemical analyses and
shown to be reactive with formalin-fixed tissues (actually a consequence of a

previous selection procedure). The 28 CC MAbs were positive to carcinoma
sections and negative to the vast majority of cell types of a wide variety of

normal tissues. In general, all the CC MAbs had patterns of reactivity for
normal tissues very similar or identical to that shown and previously described
for B72.3. The normal human adult tissue that showed strong staining with the CC

MAbs (CC49 and CC83) and with B72.3 was secretory endometrium; proliferating
endometrium and resting endometrium of postmenopausal women, however, were
negative

.

Nine CC MAbs were chosen for further study. These were CCll, 15, 29, 30, 40, A6,

49, 83, and 92. These MAbs were analyzed by Western blotting for reactivity to

purified TAG-72 and showed the same pattern of reactivity as B72.3, recognizing a

high-molecular-weight species of W^>10*. The nine CC MAbs and 372. 3 were
analyzed as purified IgG preparations in several liquid competition RIAs to

better define distinctions between binding sites of these MAbs. MAbs CCll, 15,

29, 30, 40, 46, 49, 83, and 92 could all be distinguished from one another. The

affinity constants of the purified CC IgGs for binding to the TAG-72 antigen were
determined; all CC MAbs chosen for further study had higher affinity constants

than B72.3.

Studies were conducted to further characterize the range of reactivities of the

anti-CEA COL MAbs. Fifteen competition RIAs, including the 14 COL-MAbs and 1 MAb

reactive with NCA (a CEA related antigen), were developed and 15 purified
competitor Igs were employed in each assay. Consequently, the 14 COL-MAbs were
able to be categorized into six groups according to cross-competition patterns.

The chemical nature of the epitopes identified by the COL-MAbs was also tested in

solid-phase RIAs or Western blotting using chemically or enzymatically treated

CEA. The results demonstrated that the epitopes identified by several of the

COL-MAbs are not identical to each other. In an attempt to define which of the

COL-MAbs are best suited for clinical applications, titration experiments were

performed to define differential reactivities to colorectal carcinoma versus NCA-

containing granulocyte extracts; these results were compared with results

obtained using several anti-CEA MAbs that had been previously employed in

clinical trials. MAbs COL-1, COL-4, COL-6, and COL-8 demonstrated a greater than

10^-fold differential for binding to a colon cancer versus granulocytes. These

serological mapping and biochemical studies provide information as to the range

and nature of the epitopes on the CEA molecule recognized by the COL-MAbs and

provide additional evidence to form the basis for selecting the anti-CEA MAbs for
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use in potential clinical applications, either alone or in combination with other
anti-CEA MAbs and MAbs to other carcinoma-associated antigens.

We have recently generated and characterized a MAb, D612, with selective
reactivity for malignant and normal gastrointestinal epithelium. MAb D612, a
murine IgGj^, was generated using a membrane-enriched fraction of a human colon
carcinoma biopsy as immunogen. Employing RIAs of biopsy extracts to a range of
normal and neoplastic tissues and both immunofluorescence and immunoperoxidase
assays on frozen sections of a range of normal and neoplastic tissues, we have
shown that MAb D612 binds to 82% of the colorectal carcinomas tested (n = 67) and
to normal gastrointestinal epithelium but does not bind similarly to either
neoplastic or normal tissues from a wide range of other sites. Western blotting
has shown MAb D612 to react with a high-molecular-weight antigen. Live cell RIAs
and fluorescence-activated cell sorter analyses demonstrated that the reactive
epitope is present on the surface of 100% of the colon carcinoma cells tested.
Iramunohis tochemical studies have shown intense membrane staining of colon
adenocarcinomas; the vast majority of both primary and metastatic colon
adenocarcinomas from a variety of sites were positive, with many lesions showing
homogeneous staining of virtually all cells present. Using human effector cells,
MAb D612 has been shown to mediate antibody-dependent cell-mediated cytotoxicity
(ADCC) of human colon carcinoma cells. Moreover, this activity was enhanced in
the presence of interleukin (IL)-2. Radiolabeled D612-purif ied IgG was also
shown to target a human colon carcinoma xenograft in situ. The pattern of
membrane-associated staining, the molecular weight of the reactive antigen, the
IgG,;, isotype, the ability to mediate ADCC in the presence of IL-2, and the
immunohistochemical and RIA studies demonstrating highly restricted reactivity to
malignant and normal gastrointestinal tissue distinguish MAb D6i2 from other MAbs
thus far described.

One of our major efforts during the next few years will focus on the
construction, expression, characterization, purification, and utilization of
recombinant /chimeric (rec/chi) MAbs. Initial focus will be on various constructs
of B72.3, but these will be extended to the anti-TAG-72 MAbs CC49 and CC83, the
anti-CEA MAb COL-1, and MAb D612. These studies involve (a) methods of
optimizing stability of cultures and Ig expression, (b) assays of the various
rec/chi constructs, (c) in vitro binding properties of the various constructs,
and (d) analyses of the rec/chi MAbs for experimental in vivo tumor targeting and
potential clinical trials. We have recently generated and characterized a
rec/chi B72.3 of the human IgG^ subtype. We have characterized this MAb with
respect to binding properties to a range of normal human tissues and tumor
tissues, and these studies indicate that the rec, rec/chi, and native B72.3 have
virtually indistinguishable binding properties. We have also used an anti-
idiotype MAb prepared against B72.3 to show identical binding to native and
rec/chi B72.3. Studies are in progress to prepare modified rec/chi constructs
that may be better suited than native B72.3 for clinical applications.
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SUMMARY OF WORK (Use standani unreduced type. Do not exceed the space provided.)

Previous studies have shown that treatment of human carcinoma cell with type I

(ie. , IFfJ-ctA) or type II (ie. , IFN-y) interferons increased the level of expres-
sion of several distinct tumor antigens (ie., 90kD antigen, CEA and TAG-7 2) , re-
sulting in a enhanced level of binding of MAb B6.2, COL-1 and B72.3. IFN-aA
treatment of mice bearing breast or colorectal xenografts enhanced the locali-
zation of 125x-B6.2-F(ab'2) by 2-5 fold. Human tumor cells (ie. , LS174T and A375)
that were unresponsive in vitro showed no change in MAb localization in vivo as a

result of IFN-aA treatment. Higher and more stable circulating plasma interferon
levels were achieved by using a constant flow pump and resulted in: 1) a 4-7 fold
increase 125x_B5^2-F(ab' 2) localization, 2) demonstration of that increase in MAb
localization was time, dependent and 3) a correlation between plasma IFN-aA levels
and the level of MAb localized. The ability of human interferons to increase the

expression of CEA was also studied at the mRNA level using a cDNA probe. IFN-y
treatment of moderately differentiated human colorectal tumor cells increased the
binding of the anti-CEA MAb COL-4 2.5 and 6.5-fold which also was accompanied by
a 6 to 11- fold increase in the steady state levels of three CEA related mRNA
transcripts with sizes of 4.2, 3.5 and 2.8-kb. The results indicate that IFN-y
regulation of CEA occurs at the transcriptional and/or posttranscriptional levels
contributing to the enhanced level of expression of the antigen. Cells were also
isolated from pleural or peritoneal effusions of patients diagnosed with adenocar
cinoma, malignant nonepithelial tumor and benign diseases and analyzed for consti
tutive TAG-72 and the ability of IFN-aA, IFN-Bgg^ and IFN-y to increase MAb B72.
binding. TAG-72 expression was confined to those effusions Isolated from patients
diagnosed with metastatic adenocarcinoma (ie., 35 of 43 effusions). Treatment
with either type of interferon resulted in a 50% increase in B72.3 binding in 27

of the 35 (77.1%) TAG-72 positive samples. The results provide further evidence
that the interferon-mediated increase in human tumor antigen expression may be an
effective adjuvant in the localization of MAb to occult tumor lesions.
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Major Findings t

We have reported that type I (ie., TFN-aA) and type IT (ie., IFN-y] humam inter-
ferons are potent regulators o£ tumor antigens expressed on the surface of human
breast and colorectal carcinoma cells. Initial studies revealed that in \/itro

treatment with IFN-aA, or IFN-y resulted in a 3-6 fold increase in a 90kD tumor
antigen, TAG-72 and CEA as measured by the binding of MAb B6.2, B72.3 and COL-1

,

respectively. Subsequent investigations revealed that the in vivo localization of
radiolabeled B6.2 to a human colorectal xenograft in athymic mice could be increased
by the administration of IFN-aA. More recent studies investigated: 1) the parameters
involved in the TFN-aA mediated increase in MAb localization in athyraic mice bearing
human carcinoma xenografts, 2) the ability of IFN-y to increase the level of

CEA-related raRNA transcripts in human colorectal tumor cells and 3) the regulation
of TAG-72 and CEA expression by type I and type IT interferons on human carcinoma
and noncarcinoma cells isolated from patients' pleural and peritoneal effusions.

The initial study was designed to determine: 1) whether in vitro responsiveness of
established human carcinoma cell lines was predictive of the ability of IFN-y
A to enhance in vivo MAb localization to that cell type grown as xenografts in
athymic mice, 2) the advantage of delivering interferon in vivo via a constant
flow osmotic pump and 3) whether any correlation exists between the circulating
plasma IFN-aA levels and the amount of radiolabeled MAb localized to the tumor
site. WiDr, LS174T, A375 and the transplantable human mammary Qouser tumors were
inoculated s.c. into athymic mice. The administration of IFN-aA is twice dally
i.m. injections resulted in the increse in T-B6 .2-F(ab' )^ localization to the
CLouser and WiDr tumors. For example, athyraic mice bearing~the human mammary
Qouser tumor were given daily i.m. injections of 250,000 antiviral units of

IFN-aA for 7 days. The mean percent injected dose of ^^^1-86.2 localized to the
Clouser tumor rose from 6.9% to 12.8% as a result of IFN-aA treatment. The range
for the percent injected dose of ^^Sj-gg _2-F(ab' )2 for the Clouser bearing untreated
mice was 3.9% to 3.0%; that for the IFN-aA treated mice was 3.9% to >13%. In

contrast, the human tumor cell lines (ie., LS174T and A375) previously shown
either to be unresponsive to the ability of IFN-aA to enhance antigen expression
or tumor antigen negative in vitro remained so in the in vivo studies. These results
suggest that an in vivo screening analyses of human tumor cell populations may be
possible for selection of patients for subsequent antigen augmentation therapy.

Pharmacokinetic studies revealed that i.m. administration of IFN-aA resulted in a

plasma half-life of 3-4 hrs . It was postulated that a more sustained plasma IFM-aA
level might result in a more dramatic increase in radiolabeled MAb localized to

the tumor site. IFN-aA was loaded into constant flow mini-osmotic pumps and im-
planted into athymic mice bearing human xenografts. Mice were bled at different
time intervals for 7 days. The constant flow osmotic pumps maintained IFN-oA
levels of 300-800 antiviral units/ml for 6-7 days. Furthermore, the pumps could
be replaced permitting analysis of ^-^I-MAb localization to human xenografts in
vivo over an extended time interval. Athyraic mice bearing WiDr tumors were
treated with IFN-aA administered via the osmotic pump for 9 and 13 days, respectively.
The increase in '^^I-BS .2-F(ab' ) ^ localized to the tumor rose with the length of time
of IFN-aA treatment. For example, after a 9 day treatment of IFN-aA, the mean percent
injected dose of I-B6.2-F (ab')^ per gram of tumor was increased >250% above
that for the untreated mice (ie., 3.1 vs 7.7%). A 13-day IFN-aA treatment increased
the percent injected dose per gram tumor of ^^I-B6 .2-F(ab' )^ to 10.9%; 3.5-fold
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increase above that for the untreated groap. An analysis of individual mice
treated for 13 days with IFN-aA revealed that ia some >15% of the injected
dose of the MAb was localized to the tumor site. The amount of radiolabeled
B6.2-F(ab')2 localized (ie., cpm/turaor weight) to the WiDr tumors in athymic
mice was compared with the circulating plasma levels in each animal. Although
a considerable difference was evident among the various mice, there was a

1 9 Scorrelation between plasma IFN- a A levels and the amount of I- B6 .2-F(ab)
'

2

localized to the tumor site.

Until recently the studies of the regulation of tumor antigens by human inter-
ferons have relied on the analysis of antigen levels measured by the binding
of MAbs . Several laboratories have now reported the nucleotide sequence of

several cDNA clones for the family of CEA-related genes. In collaboration
with Drs. J. Kantor and P. Robbins, we studied the effect of IFN-y on the

steady state levels of CEA raRNA and the level of CEA expression as measured by
the binding of MAb COL-4 in human colorectal tumor cells. HT-29, WiDr and
LS174T express different amounts of CEA as measured by the binding of MAb

COL-4 and other quantitative assays. Treatment of the moderately differentiated
colorectal cells, HT-29 and WiDr, with 1,000-2,000 antiviral units of IFN-y/ml
for 48-72 hrs increased COL-4 binding by 2.5 and 6.5 fold, respectively.
Using a 550-bp Pst I fragment CEA cDNA probe, the increase in COL-4 binding
was accompanied by a 6- to 13-fold increase in the steady state levels of the

three CEA-related transcripts of 4.2, 3.5 and 2.8 kb. In contrast, the

highly differentiated colorectal human cell line, LS174T, showed no significant
change in either COL-4 binding or the expression of the CEA-related transcripts
as a result of IFN-y treatment. Normal diploid human fibroblasts, WI-38 and
MRC-5, did not express constitutive CEA or the CEArelated mRNA transcripts either
before or after IFN-y treatment. Previous studies have shown that IFN-y
is a potent inducer of de novo class II HLA expression on a variety of human cells.

Indeed, IFN-y treatment did induce the HT-29 and WiDr cells to express the

class II HLA, however, the LS174T cells remained Class II HLA negative. The
results indicate that IFN-y treatment results in an increase in the steady
state levels of CEA mRNA indicating the regulation of that antigen at at trans-
criptional and/or post transcriptional levels. The IFN-y induced increase in
CEA was accompanied by a concomitant increase in the steady state levels of the

three transcripts. It is unclear whether the increase in CEA mRNA levels
resulted from an increased rate of transcription of the CEA gene(s) and/or
from the stabilization of the CEA raessage(s). Further studies are planned to

address these and other issues concerning the biological relevance of the

regulation of a human tumor antigen by IFN-y.

To date, the study of the regulation of TAG-72 by the recombinant human interferon
has been confined to the human breast tumor cell line, MCF-7. TAG-72 is not well
expressed on adherent human cell lines, and the other TAG-72 positive cell line,

LS174T, is not responsive to the ability of type I or type II interferons to
enhance tumor associated and normal (ie. , HLA) antigens (see above). Studies
have shown that TAG-72 can be found in a high percentage of human tumor cells
isolated from serous effusions of patients diagnosed with metastatic adeno-
carcinoma. A total of 61 serous effusions from patients diagnosed with
adenocarcinoma (43), malignant non-epithelial tumors (10) and benign (8)

diseases were analyzed for the expression of TAG-72, CEA and MHC antigen as

well as the ability of type I and type II interferons to enhance their level(s)
of expression. TAG-72 was found on approximately 80% (ie. , 35 of 43) of the
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serous effusions isolated from patients with metastatic adenocarcinoma. None

of the 10 effusions from patients with non-epithelial malignancies and of 8

effusion from patients with other diseases (ie., benign) were found to contain
B72.3-reactive cells. Dose and temporal dependent increases in tumor-associated
as well as class II KLA after IFN-y treatment agreed with previous results
published for established cell lines. Of the 35 of 43 effusions from patients
with metastatic adenocarcinoma that also contained TAG-72 positive tumor
cells, treatment with either type I (ie., IFN-ctA or IFN-Sge^) or type II
(ie. , ira-y ) significantly increased B72.3 binding (ie. , 50% above that
of untreated cells) in 77% of the cases (ie., 27 of 35). Constitutive TAG-72
expression was not, however, a sine qua non requirement for its subsequent
augmentation by human interferons. In at least 4 of 8 cases, the isolated
malignant cells expressed high levels of TAG-72 and, a further increase in

B72.3 binding could not be demonstrated after interferon treatment. We were
also interested to determine whether treatment of those TAG-72 negative
malignant cell populations might enhance the expression of another tumor
antigen. In nine such cases, treatment of the malignant cell population with
either IFN-cxA of IFN-y resulted in a significant increase in CEA expression.
Thus, 42 of 43 tumor cell populations isolated from patients with metastatic
adenocarcinoma constitutively expressed either TAG-72 and/or CEA. Furthermore,
in vitro incubations of the cells in the presence of type I or type II human
interferons substantially increased the expression of one or both of the

tumor antigens in 36 of the 42 cases (85.7%). The findings may provide
important insight into the criteria for the selection of patients for antigen
augmentation therapy: 1) cell surface tumor antigen expression and 2) ability
of interferon treatment to augment MAb binding in vitro. In addition,
these and previous finding provide important data to design clinical trials
to evaluate the interferons as adjuvants in the localization of occult
tumors with conjugated MAbs.
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SUMMARY OF WORK (Uaa atanum mMkicad ryp*. Oo not axcatd Of apaca pmvtOaa.)

Immunoassays for the detection of circulating tumor associated antigens and assayjs

for the support of clinical trials have been developed. We are using these assays

to examine sera and effusions from a variety of sources to study their utility to

detect carcinoma. We have developed a second generation of MAbs against a tumor-

associated antigen, TAG-72, and used them in the development of a more efficient

assay for TAG-72. This assay, designated CA 72-4 (using MAbs B72.3 and CC49) was

developed in collaboration with Centocor and used to examine a panel of sera fron

patients with adenocarcinomas as well as benign diseases. Only 0.5% of 744 sera

primarily obtained from blood donors had TAG-72 levels >10 U/ml. Similarly only

2.2% of 134 samples from patients with benign gastrointestinal diseases had TAG-72

levels >10 U/ml. Approximately 32% of 303 patients with gastrointestinal malig-

nancies had serxom TAG-72 levels >10 U/ml; approximately 44% of the patients with

advanced disease had elevated TAG-72 levels. Patients with adenocarcinomas from

variety of other sites also had levels of TAG-72 above the reference value. The

utility of the CA 72-4 assay was clearly demonstrated in the case of patients witjh

gastric cancer where CEA levels were measured along with the TAG-72 levels. CEA

was elevated in 37% of patients with Stage 3 and 4 disease and 48% of the sera had

elevated levels of TAG-72. No relationship was observed between the positivity in

the CEA assay and the CA 72-4 assay. Thus the use of both assays to analyze thes

sera is clearly more advantageous than using the CEA or the CA 72-4 assay alone.

The interaction in vivo of TAG-72 with radiolabeled MAbs was also studied to aid

in understanding the pharmacology of MAbs used as radiopharmaceuticals. We founc.

immune complex formation, even in the earliest sera drawn, as detected both by

HPLC and SDS-PAGE analysis. Three different profiles, dependent on the serum

TAG-72 level, were seen in the HPLC patterns. The presence of immune complexes
did not appear to alter the clearance pattern of the I-131-MAb.
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Major Findings

The development of immunoassays for the detection of circulating tumor associated
antigens and the study of the interaction in vivo of these antigens with radio-
labeled MAbs may help in the diagnosis of cancer, the monitoring of the clinical
course of the disease, as well as understanding the pharmacology of the MAbs used
as radiopharmaceuticals.

MAb B72.3, a murine IgGj^, has been developed in this laboratory and shown to

react with a high molecular weight glycoprotein (designated TAG-72) found in many
epithelial-derived cancers, including colon, ovarian, breast, lung, pancreatic
and gastric malignancies. We have purified the TAG-72 antigen and prepared a

second generation of anti-TAG-72 MAbs. One of these MAbs, designated CCA9, was
shown to react with an epitope on TAG-72 that could be distinguished from that
recognized by B72.3. Moreover, while the K^ of B72.3 was shown to be 2.5x10%"^,

Q 1

that of CC49 was considerably higher at 16.2xlO^M'-^ . These findings led to the
development of a more efficient assay for TAG-72 using both MAb CC49 and B72.3;

CC49 was used as the "catcher" and '^^I-B72.3 as the detecting reagent. This
combination enabled the development of a sequential assay that could be performed
in less than one day which also minimized the "hook-back" effect and yielded the
most reproducible recovery of TAG-72 in dilution studies. This is especially
important in accurately quantitating TAG-72 levels in patient sera containing
high levels of TAG-72.

The CA 72-4 assay was used to examine a panel of sera from patients with malig-
nancies from a number of sites as well as benign diseases. Normal sera obtained
primarily from blood donors was examined and only 4 of 744 samples (0.5%) tested
had TAG-72 levels >10 U/ml. Similarly, only 3 of 134 samples (2.2%) of patients
with benign gastrointestinal diseases had TAG-72 levels >10 U/ml. Whether the

cut-off level of 10 U/ml is appropriate for use, or a different level such as 6

u/ml giving greater sensitivity or 20 U/ml giving greater specificity, will have
to be further examined with much larger panels of sera from "normal individuals"
and patients with benign diseases.

Approximately 40% of 303 patients with gastrointestinal malignancies had serum
TAG-72 levels of >6 U/ml (approximately 55% of patients with advanced disease).
Whether the expression of TAG-72 in the sera of patients correlates with stage of

disease needs to be further investigated with a well characterized set of sera.

Approximately 36% of patients with lung adenocarcinomas and 24% of patients with
ovarian cancer also had elevated serum TAG-72 levels; 53% of patients with Stage
IV ovarian cancer had elevated TAG-72 levels. The utility of the CA 72-4 assay
to measure TAG-72 levels was clearly demonstrated in the case of patients with
gastric cancer. These sera were also evaluated in a RIA for CEA where 37% of

patients with Stage 3 and 4 disease had elevated levels of CEA. The RIA for

TAG-72 was positive in 48% of the sera tested from patients with gastric
carcinomas. No relationship was observed between elevated TAA levels of sera in

the CEA assay and the CA 72-4 assay. Thus, the use of both assays to analyze
these sera is clearly an advantage to using the CEA or the CA 72-4 assay alone.

Radiolabeled B72.3, intravenously or intraperitoneally administered, has been
shown to localize primary and metastatic lesions of colorectal and ovarian
patients as well as patients with other carcinomas. Intravenous administration
to colorectal carcinoma patients of '-^'I-B72. 3 IgG has resulted in localization
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of the MAb in approximately 75% of the metastatic lesions found at various body
sites. We analyzed the serum of colorectal carcinoma patients who have received
'--^'1-572.3 IgG by intravenous administration. The presence of TAG-72, the phar-
macokinetics of the radiolabeled MAB, the amount of circulating immunoreactive
MAb B72.3 IgG, the status of the radionuclide and its association with the MAb
were studied. The integrity of the radiolabeled B72.3 IgG in the serum and the
formation of immune complexes were also analyzed. Plasma clearance of '^'-1-672.3

IgG was determined for all patients and was similar in 25/27 patients; the mass
of antibody injected had no effect on the rate of clearance of the radiolabeled
B72.3 IgG. The level of immunoreactive B72.3 IgG in patient sera was determined
using a solid-phase radioimmunoassay. When the level of immunoreactive antibody
was normalized to the sera drawn 5 min post-injection, it was found that
clearance of the immunoreactive antibody was similar to the clearance of the
radiolabeled MAb B72.3. This suggests that the radionuclide is remaining in

association with MAb B72.3 following administration to patients. This is further
supported by HPLC analysis and autoradiography of the SDS-polyacrylamide gels run
on the patients' sera which demonstrated that the radioactivity remains in

association with the IgG fraction. HPLC analysis of the sera revealed three
different profile patterns. The majority of the patients were in the category in

which the radiolabel eluted with a retention time consistent with that of IgG.

In others, a small percentage of the radioactivity eluted in the void volume,
while in a third group, a large proportion of the radioactivity was associated
with the void volume. Elution of the I-B72.3 in the void volume suggests that
there is the formation of immTone complexes or aggregation of the MAb. The
formation of this higher molecular weight entity correlates with elevated antigen
levels in patient sera, suggesting that antigen-antibody complexes are forming.
We found that immune complex formation occurred even in the earliest sera drawn.

Furthermore, immune complex levels remained consistent in the sera drawn at

various intervals. These complexes were detected both by HPLC and SDS-PAGE
analysis. Interestingly, the presence of the immune complexes did not appear to

alter the clearance pattern of the monoclonal antibody. It was of interest also
that serum TAG-72 levels correlated with obtaining a positive scan. Serum TAG-72
levels may be a useful criteria for considering a patient for treatment with MAb
B72.3.
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MAb B72.3, a murine IgGl , has been shown to react with a high molecular weight

glycoprotein (designated TAG- 72) found in many epithelial-derived cancers, with

minimal reactivity to normal adult tissues. B72.3 was therefore chosen as an

antibody that could potentially be used for radio imm\inodetect ion (RID) and

radio iiranunotherapy (RIT) of human carcinomas and is being evaluated in model

systems using the LS-174T human colon carcinoma xenograft to determine the feasi-

bility of these studies. A number of new chelate-conjugates have been developed

enabling the binding of radiometals to proteins. These new constructs have been

covalently linked to B72.3 IgG to determine which resulted in the best biodistri-

bution after labeling with In- 111 and Y-88 (used as a substitute for Y-90). The
l-(p-isothiocyanatobenzyl)diethylenetriaminepentaacetic acid (SCN-Bz-DTPA)

chelate-conjugate, gave the best biodistribution after labeling with either In-li:

or Y-88. The biodistribution of the Y-88 and In-ill labeled MAbs differed signi-

ficantly, illustrating the difficulties in using In- Ill-labeled MAbs to predict

the distribution and dosimetry of Y-90-labeled MAbs.

New anti-TAG-72 MAbs (designated CC) have been developed and compared to B72.3 in

the LS-17AT model system. All exhibited higher %ID/gm and tumor '.tissue ratios

than B72.3; differences in the pharmacokinetics were noted among the CC MAbs.

A recombinant/chimeric form of B72.3 has been developed using the variable region:;

of the murine B72.3 and humcui heavy chain (^A) and light chain (k) constant
regions. The cB72.3(\4) IgG was radiolabeled and the biodistribution was studied

in athymic mice bearing LS-17AT xenografts. Small differences were observed
between the cB72.3(i4) and the native B72.3 in the %ID/gm that localized in the

tumor, this is mostly likely due its more rapid clearance from the blood and body
of the mouse of the cB72.3(\A) as compared to the native B72.3.
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Major Findings

Monoclonal antibody (MAb) B72.3, a murine IgGj^, has been developed in this
laboratory and been shown to react with a high molecular weight glycoprotein
(designated TAG-72) found in many epithelial-derived cancers, including colon,
ovarian, breast, lung, pancreatic and gastric malignancies. '-''I-B72.3 IgG has
been used successfully in vivo for the detection of human malignancies including
colorectal, ovarian, breast and lung carcinomas after both i.v. and i.p. adminis-
tration. B72.3 was therefore chosen as the antibody to use for the evaluation of
different radiolabeling methodologies and MAb modification techniques that may
alter the biodistribution of MAbs.

Recent interest has focused on the application of radiolabeled MAbs directed
against t\imor-associated antigens as in vivo therapeutic reagents. Labeling
techniques have been developed that yield covalent linkage of chelates to

proteins thus permitting the attachment to MAbs of many different radiometals
that are considered to be useful for radio immunotherapy. ^Y has been selected
as one of particular interest for therapeutic applications; it can be complexed
with several chelate groups such as DTPA and EDTA which may be linked to proteins
using a variety of methodologies. The fact that ^^Y is a pure p-emitter makes it

difficult to estimate the radiation dose to a given tissue because the radio-
activity accumulated in tissues cannot be accurately detected by external imaging
nor can it be accurately quantitated using gamma or beta scintillation counters.
To overcome this problem, the y-emitting ^^ In has been proposed as a tracer for
yttrium in biodistribution studies. We have initiated studies to compare the
biodistribution of yttrium and indium labeled MAb B72.3 using 3 different
chelate- conjugates l-(p-isothiocyanatobenzyl)diethylenetriaminepentaacetic acid
(SCN-Bz-DTPA) , l-(p-isothiocyanatobenzyl)ethylenediaminetetraacetic acid
(SCN-Bz-EDTA) and the cyclic anhydride derivative of DTPA (CA-DTPA) to determine
if the ''•'•In can be used to accurately predict the ^^Y localization and therefore
allow accurate dosimetric calculations. For these studies the ^-emitting yttriumOQ " -^

radionuclide °°Y was chosen in order to facilitate the biodistribution analysis
employing a well-type gamma counter.

Athymic mice bearing LS-174T human colon carcinoma xenografts were injected via
tail vein with MAb B72.3 IgG modified by the 3 different chelate- conjugates and

OQ 111
-JO oo

labeled either with Y or In. The uptake in the tumor was highest with °°Y-
SCN-Bz-DTPA-MAb (40 %ID/gm at 5-7 days post-injection) compared to the 2 other
chelate- conjugates, SCN-Bz-EDTA and CA-DTPA (only 6-8 %ID/gm) , This is due in

part to the rapid drop in the blood levels for the ^^Y- labeled SCN-Bz-EDTA and
CA-DTPA conjugated MAbs in contrast to the ^^Y-SCN-Bz-DTPA-B72.3. The ^^Y-SCN-
Bz-EDTA and °°Y-CA-DTPA-B72.3 chelate-conjugate showed higher liver, spleen and
kidney: blood ratios than the ^^Y-SCN-Bz-DTPA-B72. 3. The differences in the
tissue uptake of the 3 MAb chelate-conjugates is consistent with the release of

the yttriijm from the circulating CA-DTPA and SCN-Bz-EDTA MAb chelate-conjugates
as evidenced by the high uptake in the bone, liver, spleen and kidney which is

similar to the biodistribution seen after injection of yttrium acetate. Yttrium
in its uncomplexed form tends to accumulate mainly in the bone resulting in bone
marrow toxicity. Therefore, particular attention was to be paid to the evalu-
ation of the yttrium levels in the bone. The amoiont of °°Y in the bone rose as a

function of time in mice injected with the SCN-Bz-EDTA and CA-DTPA-B72.

3

resulting in over 14 and 11 %ID/gm at 5 days respectively. The levels of yttrium
in the bones of these animals were comparable to those observed in animals given
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^^Y-acetate. In contrast, the mice injected with ^^Y-SCN-Bz-DTPA-B72. 3 showed
significantly lower levels of Y in the bone (3 %ID/gm) indicating a better
stability of this complex in vivo . The bone uptake for -'•^^In- labeled B72.3 using
all 3 chelate-conjugates was only 2-3 %ID/gm, similar to that fovind with the °°Y-
SCN-BZ-DTPA-B72.3.

The differences between yttrium and indium biodistribution after administration
111

of labeled MAbs illustrates the difficulties in using -^-^-^ In- labeled MAbs to
qn '^

predict the biodistribution and dosimetry of Y- labeled MAbs. Although a given
chelate-conjugate may give a favorable biodistribution with In, the biodistri-
bution of yttrium in that chelate-conjugate may be very different. These studies
also demonstrated the importance of using the appropriate chelate for attaching
yttrium and indium to the MAb. With the use of chelates such as SCN-Bz-DTPA, one
can minimize loss of the radiometal from the chelate and obtain similar biodis-
tributions using both indium and yttrium. The low level of bone uptake of the
yttrium when the SCN-Bz-DTPA chelate-conjugate is used is especially important in

minimizing marrow toxicity. The high tumor to bone ratios suggest the potential
utility of Y for radio immunotherapy using this type of chelate-conjugate.

One problem that has been encountered with the in vivo use of both the polyclonal
and monoclonal antibodies is the patients' development of an immune response to

the administered antibody. Greater than 50% of the patients that have been
administered B72.3 have developed an immunological response to murine IgG after a

single injection. The use of fragments of MAbs has led to a decrease in the
incidence of an anti-mouse Ig response in the patients. Most IgG fragments, when
used in vivo, however, have shown a much lower %ID/gm in the tumor as compared to

the intact IgG. Another way to minimize the patients' immune response to the
injected antibody is to use human or recombinant/chimeric MAbs. We have
developed a recombinant form of the murine B72.3 as well as a recombinant/

-

chimeric antibody, using the variable regions of the murine B72.3 and human heavy
chain (Y4) and light chain (k) constant regions. Both the recombinant B72.3
(rB72.3) and the recombinant/ chimeric B72.3 (cB72.3(y^)) IgGs maintain the tissue
binding and idiotypic specificity of the native murine IgG. The native B72.3,
rB72.3 and cB72.3(y/j) IgGs were radiolabeled and the biodistribution of these
IgGs was studied in athymic mice bearing LS-174T xenografts. Differences were
observed between the cB72.3(y^) and the native B72.3 in the %ID/gm that localized
in the tumor. The somewhat lower absolute amounts of the cB72.3(y^) in the tumor
are mostly likely due to the more rapid clearance of the cB72.3(y4) from the
blood and body of the mouse as compared to the native B72.3 and rB72.3. All
three forms (native B72.3, rB72.3 and cB72.3(y4)) of the IgG, however, were able
to localize the LS-174T xenografts with similar radiolocalization indices.

The B72.3 reactive antigen, TAG-72, has been purified and a series of second
generation MAbs, designated CC (colon cancer), have been characterized by a range
of in vitro immunological assays. Six CC MAbs (CCll, CC30, CCA6, CC49, CC83 and
CC92) were chosen for analyses of the in vivo binding to the LS-174T human colon
carcinoma xenografts. All 6 MAbs were previously shown to be distinct from B72.3
and each other by a series of reciprocal competition RIAs, and all were shown to
have higher K^s than B72.3. All six CC MAbs evaluated were superior to B72.3 in
an in vivo tumor targeting model, in terms of both the percentage of the injected
dose of radiolabeled MAb delivered per gram of tumor and in the radiolocalization
indices (RIs). Differences in the in vivo binding patterns and pharmacokinetics
among the CC MAbs have also been evaluated.
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The CC MAbs demonstrated several different clearance patterns. One fairly
unique pattern was displayed by MAb CC49. The plasma clearance of CC49 was much
faster than that of B72.3 and the five other CC MAbs analyzed. This resulted in
much higher tximor: blood RIs for CC49 than for the other MAbs. There were also
differences in the RIs of the other normal tissues examined. For B72.3 and the
other CC MAbs the RIs can be ranked as follows: tumor: liver, spleen and kidney
showed the highest RIs, then tiamor:lung and lastly tumor: blood. For CC49,
however, the order of the RIs (from high to low) were tumor: kidney, lung, blood,
spleen and liver. One possible explanation for this phenomenon is that CC49
recognizes an epitope of TAG-72 which is highly accessible when TAG-72 is found
in circulation, and the resulting MAb-TAG-72 complexes deposit in the liver and
spleen, thus lowering the RIs for these organs. The MAb therefore clears the
plasma rapidly. Further evidence for this is found in the observation that when
CC49 is administered to mice with small tumors the ranking of the RI values
(notably tumor:spleen and tumor: liver) of the tissues is similar to that observed
for B72.3 and the other CC MAbs. Regardless of this phenomenon and the resulting
ranking of RIs for t\imor to various normal organs, the rapid plasma clearance of
the CC49 resulted in CC49 demonstrating among the highest RI values for the CC
MAbs. The potential clinical advantage of using the CC MAbs for in vivo tumor
targeting for either diagnostic or therapeutic applications is supported by both
the higher %ID/gm of tumor and the higher RI values of the second generation CC
MAbs as compared to that of B72.3.
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

Monoclonal antibodies (MAbs) have defined several antigens associated with human
carcinomas. Two of the most widely studied antigens are carcinoembryonic antigen
(CEA) and TAG-72. CEA is a 180,000-kd glycoprotein and TAG-72 is a high-
molecular-weight mucin. Recent studies have demonstrated that CEA belongs to a
multigene family related to the immunoglobulin supergene family. These include
CEA, normal cross-reacting antigen (NCA), biliary glycoprotein (BGP), and human
pregnancy-specific beta 1-glycoprotein (SPl). A 550-base pair CEA probe derived
from cloned complementary DNA was used to carry out Southern analysis of the DNA
isolated from normal and colon tumor cell lines. At high stringency, the CEA
probe detected seven BamHI fragments in all DNAs analyzed. Results of the
Southern analysis demonstrate no amplification or rearrangement of the CEA genes
in tumor cells. Methylation-sensitive restriction endonucleases , Hpall and Hhal

,

were used to compare the degrees of methylation of the CEA family of genes in
normal and colon tumor cell lines. The results demonstrate that the CEA family
of genes exists in a state of hypermethylation in normal cells. In contrast, the
CEA gene(3) are relatively hypomethylated in the tumor cell lines, suggesting a
correlation between the state of methylation and degree of expression of the CEA
gene(s). Using a CEA cDNA probe, we have investigated the phenomenon of up-
regulation of CEA expression in human tumor cell lines by recombinant human
gamma-interferon (Hu-IFN-7) . An increase in MAb binding was shown to be
accompanied by a 6- to 11-fold increase in the steady-state levels of three CEA
transcripts with sizes of 4.2, 3.5, and 2.8 kb . Normal human fibroblasts had no
detectable cytoplasmic CEA glycoprotein levels nor did they contain detectable
levels of CEA mRNA, either before or after treatment with Hu-IFN-7. Our
observations suggest that some common factors may also be involved in the
regulation of the CEA and class II histocompatibility genes. Studies are also in
progress to identify and characterize the gene(s) encoding the TAG-72 antigen.
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Major Findings

Using an assay based on the binding of a CEA-specific monoclonal antibody (MAb),
we examined the expression of carcinoembryonic antigen (CEA) genes in human colon
tumor and normal fibroblast cell lines. CEA expression was not detectable in the
normal fibroblast cell lines, whereas varying levels of high CEA expression were
found in the colon tumor cell lines LS-17AT, GEO, and WiDr. We then used a 550-
base pair CEA cDNA probe to carry out Southern analysis of the DNA isolated from
the normal and colon tumor cell lines. At high stringency, the CEA probe
detected seven BamHI fragments in all DNAs analyzed. At low stringency, however,
14 BamHI fragments ranging from 1.5 to 2.3 kb were detected. Results of the
Southern analysis demonstrate no amplification or rearrangement of the CEA genes
in tumor cells. We used methylation-sensitive restriction endonucleases , Hpall
and Hhal , to compare the degree of methylation of genes in the CEA family in
normal and colon tumor cell lines. Our results demonstrate that the CEA family
of genes exists in a state of hypermethylation in the normal cell lines. In
contrast, the CEA gene(s) are relatively hypomethylated in the tumor cell lines,
suggesting correlation between the state of methylation and degree of expression
of the CEA gene(s). A comparison of the state of methylation of the CEA gene(s)
in cells before and after treatment with recombinant human gamma- interferon (Hu-

IFN-7) showed no detectable difference in the degree of DNA methylation. The
segments of CEA genes that are hypermethylated in normal cells, but are
hypomethylated in tumor cells, were also identified. Thus, these studies may
help identify the sites of methylation that are crucial for the control of CEA
gene regulation.

The effect of Hu-IFN-7 on the expression of human CEA and its related transcripts
was then examined in several human colon carcinoma and normal human fibroblast
cell lines. The colon tumor cell lines, HT-29, WiDr, and LS-174T, were each
shown to express different constitutive levels of CEA glycopeptide as measured by
the binding of the CEA-specific MAb COL-4. Treatment with Hu-IFN-7 enhanced the
level of binding of COL-4 in total cell extracts of HT-29 and WiDr cells by 2.5-
and 6.5-fold, respectively. Using a CEA cDNA probe, this increase in MAb binding
was shown to be accompanied by a 6- to 11-fold increase in the steady-state
levels of three CEA transcripts with sizes of 4.2, 3.5, and 2.8 kb . On the other
hand, Hu-IFN-7 treatment had no effect on the level of COL-4 binding or
expression of CEA transcripts in LS-174T colon carcinoma cells, which are high
constitutive expressors of CEA glycoprotein. Normal human fibroblast cell lines
MRC-5 and WI38 had no detectable cytoplasmic CEA glycopeptide levels nor did they
contain detectable levels of CEA mRNA, either before or after treatment with Hu-

IFN-7. I'D- contrast, Hu-IFN-7 induced the de novo expression of the normal major
histocompatibility complex class II antigen, HLA-DR, on HT-29 and WiDr colon
cancer cells as well as the two fibroblast cell lines. Treatment of the LS-174T
cell line with Hu-IFN-7 did not result in the induction of class II HLA-DR
antigen. Our observations suggest that some common factors may be involved in
the regulation of the CEA and class II histocompatibility genes. In addition,
the demonstration that Hu-IFN-7 enhances CEA expression in some carcinoma cell
lines, but fails to induce de novo expression of CEA transcripts in fibroblasts,
supports the potential application of Hu-IFN-7 in enhancement of tumor targeting
of anti-tumor MAbs and adds to our understanding of the mechanism of IFN-mediated
up-regulation of some tumor antigens.
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

One of the problems observed in studies using radiolabeled monoclonal anti-

bodies (MAbs) for detection of human tumors is the relatively low percent of

the injected dose of MAb per gram of tumor. Recent studies in in vivo model

systems for melanoma and hepatoma and clinical trials involving hepatoma
patients have suggested enhanced deposition of radiolabeled antibody in tumors

pretreated with external irradiation. One major goal of this project is to

identify parameters that optimize binding of MAbs to carcinoma cells in vivo .

We have initiated studies to determine the effect of carcinomas exposed to ex-

ternal irradiation prior to localization of tumors by MAb conjugates. These
studies include evaluation of the effect of external irradiation on (a) growth

of carcinoma xenografts, (b) cellular integrity and the expression of TAG-72
at the cellular level, and (c) binding of MAb B72.3 to carcinoma xenografts.

One approach to the treatment of patients with peritoneal carcinoma may be

direct infusion into the peritoneal cavity of radiolabeled antibody conjugates.
In comparison to intravenous MAb administration, this method may improve the

percent of injected MAb dose per gram of tumor and may lead to less radio-
labeled antibody in the bone marrow and therefore less toxicity to the patient.

The second major goal of this project is to develop an in vivo model system to

study immunotherapy of human carcinoma in the peritoneal cavity. These studies
will include (a) determination of the animal species eliciting the pattern most
comparable to that observed in the human of MAb clearance from the blood,
(b) development of a human peritoneal carcinoma xenograft in an animal model,
and (c) determination of the utility of intraperitoneally (i.p.) administered
MAb conjugates for carcinoma therapy.
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MAJOR FINDINGS

The project on the identification of parameters that affect binding of MAbs to

tumor cells in vivo has led to studies of the effect of irradiation on MAb
targeting of human carcinomas. As a model system we employed MAb B72.3 and
the LS-174T human colon carcinoma xenograft in athymic mice. LS-174T tumors
exposed to 300 cGy grew to approximately 93Z the size of non-irradiated
tumors, while those exposed to doses of 600-2000 cGy were approximately 412

the size of control tumors. Splitting the 900-cGy into three 300-cGy fractions
yielded a two-fold lower tumor volume compared with a single 900-cGy fraction.
Histochemical evaluation of the carcinomas revealed cellular changes consistent
with early effects of radiation exposure. Expression of tumor-associated
glycoprotein (TAG)-72, the high molecular weight mucin detected by MAb B72.3,
was not affected by tumor irradiation. We chose a dose of 300 cGy for our
initial experiments, to determine the effect of pre-irradiation on localiza-
tion of MAb B72.3, since 300-cGy had the least cytotoxic effect on the LS-174T
tumors and is more analogous to a clinical setting. Although we observed a

trend toward enhanced MAb binding to tumor after irradiation, these results
were not statistically significant. Significant effects were also not observed
after pretreating tumors with 900 cGy as a single dose or in three 300-cGy ex-
posures. Since one explanation for this may be that permeability changes
caused by radiation are not sufficient to allow a significant difference in

the ability of the 150,000 D IgG to cross the vascular epithelium, F(ab')2
fragments (approximately 50,000 D) were also used for these studies and were
found to provide no advantage over the whole IgG. Our results have shown, at

most, an increase of 1.1- to 1.5-fold in Mab binding to tumor, however, these
results were not statistically significant.

Our results suggest that consistent augmentation of radiolabeled antibody
localization to tumors pretreated with external beam irradiation is not a

universal phenomenon. Inherent differences in tumors, such as cell type of
origin, size, spatial configuration, extent of vascularization, and volume of
interstitial space, may contribute to variability of the effect of pre-
irradiation of tumors on MAb localization. Extensive evaluation of each
individual biological model is therefore required to determine the efficacy of
novel therapeutic modalities.

Studies are now in progress to develop a reliable animal model system, which
will allow assessment of the toxicity of i.p. MAb administration and provide
pharmacokinetic data that may be successfully scaled up to man. The athymic
(nu/nu) mouse bearing tumor xenografts is generally accepted as the animal
model of choice for preclinical MAb studies. Our studies will investigate and
compare the pharmacokinetics of plasma clearance of intravenous and i.p.

administered MAbs in athymic and Balb/c mice, athymic and Buffalo rats,

cynomolgus and rhesus monkeys, and colorectal carcinoma patients. To determine
if differences that may exist between MAbs alter plasma clearance patterns,
plasma clearance of MAbs B72.3, COL-12 (anti-carcinoembryonic antigen), CC49,
and CC83 (anti-TAG-72) will be compared. The effect of body surface areas,
which are proportional to peritoneal surface areas, on i.p. MAb plasma
clearance will be determined for each patient receiving MAb and the various
animal models.
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Anti-human tumor antibodies are unique because they react specifically with

human tumor-associated antigens, such as carcinoembryonic antigen or TAG-72.

No cross reactivity of these antibodies to rodent antigens is observed. For

this reason, the model of choice for tumor targeting and therapy of MAbs vs.

human tumor antigens is the athymic mouse bearing human tumor xenografts.

Studies are also in progress to develop and use, as an in vivo model system

for immunotherapy of human peritoneal carcinoma, i.p. xenografts of human
ovarian carcinoma in athymic mice and MAb B72.3.

PUBLICATIONS:

Colcher D, Esteban J, Carrasquillo JA, Sugarbaker P, Reynolds JC, Bryant G,

Larson SM, Schlom, J. Complementation of intracavitary and intravenous

administration of a monoclonal antibody (B72.3) in patients with carcinoma.

Cancer Res. 1987;47:4218-4224.

Shrivastav S, Schlom J, Raubitschek A, Molinolo A, Simpson J, Horan-Hand P.

Studies concerning the effect of external irradiation on localization of

radiolabeled monoclonal antibody B72.3 to human colon carcinoma xenografts.

Int. J. Radiat. Oncol. Biol. Phys. 1989; 16:721-729.
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SUMMARY OF WORK (Us* stanOarti unraducail typa. Do not axcaad ttta spoca proviOaa.)

The mammary gland is a complex organ whose growth and development is controlled by the

interaction of a wide variety of hormones and growth factors. These same factors play fundamental

roles in the etiology and progression of the cancerous state. The first event in the action of these

hormones and growth factors is the interaction with specific cell associated receptors. The
availabilty and activity of each class of receptor is regulated by the ligand which it recognizes as

well as the general hormonal/growth factor milieu of the target cell. Our emphasis has been on

the interactions of prolactin, thyroid hormone, and estrogens with recent work also examining how
epidermal growth factor (EGF), and EGF-like growth factors are affected by the interplay of

these three classical hormones. In addition we have explored the relationship of membrane
associated antiestrogen binding sites to the lactogenic hormone receptor and the action of platelet

derived growth factor (PDGF) on human breast cancer cell growth in culture. T47D cells have

specific PDGF receptors and respond to its growth promoting signal by inducing phosphorylation of

a 65Kd protein in the calelectrin family. Lobulo-alveolar development of the mammary gland

requires the priming action of both estrogen and progesterone to induce EGF receptors and production

of EGF-like growth factors. In concert with insulin, prolactin and glucocorticoids, EGF or a-TGF can

promote full lobulo-alveolar development in vitro . The primed mammary gland is more sensitive

to a-TGF than to EGF. Growth promotion of MCF-7 human breast cancer cells by prolactin can occur

in the complete absence of estrogens. Prolactin induced growth of the estrogen receptor negative

Nb2 rat lymphoma cell can be blocked by non-steroidal antiestrogens such as tamoxifen. This action

is through the membranous antiestrogen binding site (AEBS) which may be intimately associated

with the prolactin receptor. The antiprolactin action of tamoxifen, working through the AEBS,

may have important clinical implications.
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related non-steroidal, triphenylethylene antiestrogens with an apparent Kd of 3.1 x lO'^^M. The
AEBS do not bind estrogens. These sites are distinct from estrogen receptors. Antiestrogens act

through the AEBS to inhibit the growth promoting effect of Prl on the Nb2 cells. Antiestrogens of

the class which bind to the AEBS also inhibit the binding of Prl to its receptor. The order of

affinities of the various antiestrogens for the AEBS parallels the order of their potencies as growth

and lactogen binding inhibitors. They do not affect the binding of other ligands to their membrane
associated receptors. Thus, in addition to their well defined antiestrogenic actions, these agents

may be antilactogenic as well. Future work will center on assessing the AEBS in normal mammary
glands and in the Prl responsive breast cancer cells (MCF-7, T47D and ZR-75-1) to determine if

they (a) are present, (b) inhibit Prl binding to its receptor, and (c) block the action of Prl on milk

protein synthesis (normal) and cell growth (breast cancer cells). We will continue the

characterization of the Prl receptor isolated by affinity chromatography and immunopurification

and determine what, if any, physical relationship exists between this receptor and the AEBS.

Publications:

Vonderhaar, B.K. Regulation of development of the normal mammary gland by hormones and

growth factors. In: Lippman, M.E., Dickson, R., eds. Breast Cancer: Cellular and Molecular

Biology. New York: Martinus Nijhoff, 1988, 251-66.

Ziska, S.E., Bhattacharjee, M., Herber, R.L., Qasba, P.K. and Vonderhaar, B.K.: Thyroid

hormone regulation of alpha-lactalbumin: Differential glycosylation and mRNA synthesis in

mouse mammary glands. Endocrinology 123: 2242-2248.

Vonderhaar, B.K., and Ziska, S.E., Hormonal regulation of milk protein gene expression. Annual
Rev. Physiol. 1989, 51: 641-52.

Biswas, R. and Vonderhaar, B.K.: Antiestrogen inhibition of prolactin induced growth of the Nb2
rat lymphoma cell line. Cancer Research, 1989, in press.

Vonderhaar, B.K.: Prolactin induced growth of MCF-7 human breast cancer cells in the absence of

estrogens. Cancer Letters, 1989, in press.
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Major Findings:

In addition to the classical hormones such as insulin (I), corticoids (A and H), prolactin

(Prl), estrogen (E) and thyroid hormone (T3), it is becoming increasingly clear that a variety of

growth factors are involved in the development and differentiation of the mammary gland in both

an autocrine and a paracrine manner. Platelet derived growth factor (PDGF) which is found in

milk and is produced by human breast cancer cells in culture has been reported to act in breast tissue

only in a paracrine manner. However we have now shown that specific, high affinity PDGF
receptors are present on the membranes of T47D cells grown in culture in the presence of 0.5%

charcoal stripped serum (CSS) or platelet poor plasma (PPP). In addition, the cells respond to the

growth stimulating signal of PDGF with a 2 fold increase in cell number within 3 days of culture.

The maximal response occurs with 1.25 half-maximal units of PDGF (125ng/ ml). Within 7 min. of

addition of PDGF to cultures of the T47D cells, specific phosphorylation of a 65Kd protein in the

calelectrin family occurs. Thus it appears that PDGF may be an autocrine growth factor for breast

epithelial cells as well.

Lobulo-alveolar development of the mammary gland is also under the control of growth

factors in the epidermal growth factor (EGF) family. Previously we had shown that the in vitro

induction of lobulo-alveolar development in mouse mammary glands under the influence of the

hormones 1, Prl, A and H also required the presence of EGF in order to occur. We have now shown

that a-transforming growth factor (a-TGF) is fully active in promoting lobulo-alveolar

development in vitro . Full activity (>90% of the glands responding) was achieved with EGF at

60ng/ml but only 30% of the glands responded with 20ng EGF/ml. In contrast, a-TGF gave complete

reponse at both high and low doses (60 and 6 ng EGF equivalents/ ml). This greater sensitivity of

the glands to a-TGF in vitro is in complete agreement with our previously published observations in

vivo using growth factors locally implanted into mammary glands of developing mice.

Glandular development occurs in vitro only after priming with estrogen and progesterone

(E/P). This priming increases the ability of the mammary tissue to bind the growth factor as well

as induces the production of a mammary derived EGF-like growth factor. Estrogen (E) alone or

progesterone (P) alone is not sufficient during the priming process nor can the addition of E and P to

the culture medium overcome the need for priming in vivo . Priming by E/P cannot be replaced by
EGF priming (either using EGF directly or by elevating salivary gland production of EGF with

testosterone). Injecting the animals with anti-EGF during the priming with E/P does not prevent

the priming process. All of these data suggest that the role of E and P in priming is a complex one
possibly involving positive as well as negative actions by these hormones. Future work will

examine the role of each of these hormones in the induction of the growth factor receptors as well

as the induction of the EGF-like growth factor using ovariectomized mice. The characteristics of

binding of both EGF and a-TGF to breast tissue will be examined in detail to determine whether the

differences in sensitivity to the two related growth factors lies with the receptor or with post-

receptor events. In addition, the possibility that the priming removes a natural inhibitor of

lobulo-alveolar development (i.e. C-TGF) will be examined.

Prolactin /thyroid hormone /estrogen interactions were explored at the level of

differentiation as well as growth regulation. The action of Prl in milk protein production is at the

transcriptional level. Physiological levels of T3, in the presence of Prl, increase transcription and

promote differential glycosylation of a-Iactalbumin resulting in its increased secretion. Under the

proper conditions of serum staging, Prl promotes growth of several human breast cancer cell lines

including MCF-7, ZR-75-1 and T47D. The Prl effect occurs in the complete absence of estrogens (i.e.

in phenol red free medium). Prl also promotes the growth of the Nb2 cells in the absence of

estrogens. Serum free conditions for the growth of the Nb2 cells have been developed which
enhance the sensitivity of the cells to Prl. The Nb2 cell is estrogen receptor negative. The Nb2 cell

does contain membrane associated antiestrogen binding sites (AEBS) which bind tamoxifen and
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SUMMARY OF WORK (Use stanaara unreOucad type. Do not exceeO the space provided.)

This project is examining the role that monoclonal antibodies (MAb) against human
colonic tumor antigens have in directing and augmenting the cytotoxic activity of
NK/LAK cells and T cells. A MAb designated D612 (IgG2a) has been generated that
uniformly reacted with the cell surface of approximately 80% of primary or
metastatic colorectal carcinomas. Normal tissue reactivity of D612 was confined
mainly to the small and large intestine, while non-gastrointestinal normal tissues
were routinely negative. D612 mediated antibody-dependent cellular cytotoxicity
in conjunction with normal human peripheral blood mononuclear cells was increased
by effector cell activation with interleukin 2 (IL-2). For retargeting of T
cells, heteroantibody conjugates between the anti-colon tumor MAb, B38.1, and
anti-CD3 (OKT-3) were chemically prepared, and these were tested along with
effectors obtained from PBMNC stimulated with anti-CD3 and IL-2. The
heteroantibody-mediated cellular cytotoxicity activity was similar on a per cell
basis among effector populations prepared by stimulation with IL-2, anti-CD3, or a

combination of these reagents. However, the total lytic activity of anti-GD3 +

IL-2-3timulated cultures was much higher due to the greater expansion in cell
number achieved by the combination treatment. These studies suggest that MAbs
with restricted normal tissue reactivity and ability to direct the cellular
cytotoxicity of a broader spectrum of killer lymphocytes activated by lymphokines
and other agents might augment the efficacy of colon cancer immunotherapy.
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Major Findings

A monoclonal antibody (MAb), designated D612 (IgG2a), was generated by
immunization of mice with a membrane-enriched fraction of a moderately
differentiated primary colon adenocarcinoma. Using membrane extracts derived
from a variety of cell lines and normal and neoplastic tissues, D612 was found to
react specifically with extracts of cells or tissues originating from the large
intestine. The D612 antigen was not detected by immunohistochemical staining of
conventionally processed tissue specimens, but was revealed when fresh, frozen
tissues were used. An immunohistochemical survey of the tissue distribution of
the D612 antigen showed that 70 to 80% of primary or metastatic colorectal
carcinomas were positive, independent of their differentiation. In over half of
these specimens, the staining was homogeneously distributed among the majority of
tumor cells where it localized predominantly to the plasma membrane. Flow
cytometry of colon tumor ceil lines also showed that the D6i2 antigen occupied a

surface location. D612 did not stain noncarcinoma tumors but did react weakly
with a small number of stomach, breast, and ovarian carcinomas in a highly focal
pattern. Normal tissue reactivity of D612 was confined to the epithelium of the
small and large intestine and of the stomach. It was not found in normal
specimens covering a wide range of nongastrointestinal tissues including thyroid,
kidney, pancreas, liver, bladder, blood cells, and lung. Normal colon goblet and
absorptive cells showed a homogeneous pattern of staining, located primarily
along the basolateral cytoplasmic membrane. Other studies showed that the D612
antigen is not secreted into the culture media, has a molecular size of 1 X lO*

or greater, and is not CEA, TAG, or the 17-lA antigen.

The D612 MAb was found to mediate antibody-dependent cellular cytotoxicity (ADCC)
in conjunction with normal human peripheral blood mononuclear cells (PBMNC)
against antigen-positive colon tumor cell lines. Exposure of PBMNC to IL-2 (100
U/ml; 24 hr) resulted in a 2- to 3-fold increase in specific ADCC cytolytic
activity. Although the total specific ADCC lytic activity varied among different
donors, its potentiation by IL-2 was very similar. The ADCC activity of the 17-

lA MAb was also studied for comparison to D612, and it was found that both MAbs
were similar in their ability to mediate ADCC. The association and dissociation
constants of these two MAbs were measured using radiolabeled MAb and the LS-174T
colon tumor cell line. For D612, the K^ and K^ were calculated to be 1.3 X 10®

M"' s"^ and 8.5 X 10"'' s"', respectively. The corresponding values for the 17-lA
MAb equaled 4.4 x lO' and 9.3 X 10'^, respectively. The number of sites per LS-
174T cell was found to be 4.8 x 10^ for D612 and 1.1 x iO" for 17-lA. It can be
seen from these studies that the D612 and 17-lA MAbs have equivalent effector
functional activity while the D612 MAb has a better association constant.

Taken together, the tissue distribution, cytological location, and immunochemical
characteristics of the antigen recognized by D612 indicate that the D612 MAb is

different from a large variety of anti-colon carcinoma MAbs previously described
in the literature. The D612 antigen has a fairly uniform expression within and
among colorectal carcinomas, restricted normal tissue reactivity, and cell
surface location--desirable properties for an antigen intended to serve as a

target for immunotherapy. Furthermore, radiolabeled D612 was shown to localize
colonic tumor xenografts. Its ability to mediate ADCC coupled with IL-2
augmentation of this property indicate that further studies of antibody-dependent
cellular immunotherapy with this MAb would be worthwhile.

Retargeting of T-cell experiments were initiated using a MAb, designated B38.1
(IgGl), that was generated by immunization with membrane-enriched fractions of
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human metastatic mammary carcinoma cells. Cross-competition experiments between
B38.i, 17-lA, and a second generation MAb, designated GA73.3, showed that these
MAbs cross-blocked one another, with the B38.1 and GA73.3 pair showing identical
activities. Furthermore, B38.i immunoprecipitated three bands, from an
intrinsically labeled colon carcinoma cell line, that migrated in the range of 37
to 40 kDa, similar to the profile revealed by GA73.3 immunoprecipitates . The
tissue distribution properties of B38.1, and for comparison, the GA73.3 MAb, were
analyzed immunohistochemically with fresh, frozen specimens. Both MAbs reacted
with a variety of normal tissues, such as thyroid, liver, kidney, pancreas, and
colon, with a similar staining pattern. Collectively, these results indicate
that the B38.1 MAb most likely recognizes the same antigen detected by 17-
1A/GA73.3.

Heteroconjugates were prepared between B38.1 and OKT-3 (anti-CD3) by disulfide
linkage using the heterobifunctional reagent SPDP. Heteroantibody preparations
were made with intact MAb or F(ab')^ fragments, and an essentially dimeric
heteroantibody fraction was then isolated by molecular sieve chromatography.
Heteroantibody-mediated cellular cytotoxicity (HMCC) against cultured colon
carcinoma cell lines was measured in short-term chromium release assay after
activation of normal human PBMNC with solid-phase OKT-3 followed by incubation
with rIL-2 (100 U/ral) . Monomeric B38.1 variably mediated low levels of ADCC with
PBMNC activated with IL-2 alone, an expected finding based on the IgGl isotype of
B38.1, but was without activity in conjunction with effector cells exposed to
anti-CD3 + IL-2. Heteroantibodies formed with intact Ig or F(ab')2 fragments
were equally effective in retargeting effector cells activated with anti-CD3
alone, or with anti-CD3 + IL-2. Depletion of FcR Ill-positive lymphoid cells
before activation did not alter heteroantibody retargeting, demonstrating that
natural killer cells were not the precursors for the effector population
activated in this manner for HMCC. HMCC activity with effector cells produced by
exposure to anti-CD3 and IL-2 was similar on a per cell basis to that of cells
incubated with anti-CD3 or IL-2 alone. However, greater total HMCC activity was
obtained with PBMNC cultures treated with anti-CD3 + IL-2, since this combination
resulted in a 30- to 50-fold increase in cell number after 9 days of IL-2 as
compared to a doubling of cell number in cultures exposed to anti-CD3 or IL-2
alone. These studies suggest that lymphoid cells, probably T cells for the most
part, activated by anti-CD3 and IL-2 may be alternative candidates for
immunotherapy when used in conjunction with retargeting heteroantibodies.
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antibodies. Int. J. Cancer 1989, in press.
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SUMMARY OF WORK (Use stanaard unreduced type. Do not exceed the space provided.)

'. Human adenocarcinoma cells secrete and express on their cell surfaces high-

I

molecular-weight , mucin-like glycoproteins that bear epitopes that are highly
! restricted to carcinoma cells. Monoclonal antibody B72.3, which has been
! extensively characterized as to reactivity with a variety of carcinomas versus
! normal tissues, reacts with such a raucin-like glycoprotein. The B72 . 3-reactive
j antigen, designated TAG (tumor-associated glycoprotein) -72 , was partially purified
land used as immunogen to produce 18 second generation anti-TAG-72 antibodies,
designated CC antibodies. Based on competitive binding studies, a number of the

j

epitopes recognized by the anti-TAG-72 antibodies appear to be structurally or
spatially related, but none appear to be identical. One of the second generation
antibodies was selected to develop a procedure to purify preparative amounts of
TAG-72. TAG-72, extracted from xenografted human colon carcinoma cells, was

I

subjected to antibody-affinity, size-exclusion, and ion-exchange chromatography.
A double determinant radioimmunoassay revealed a greater than 1000-fold
purification with a greater than lOZ yield. Sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) analysis of radiolabeled purified TAG-72 revealed a
polydisperse , but apparently homogenous, high-molecular-weight glycoprotein. The
density of purified TAG-72 was 1.45 g/ml, indicating a high degree of
glycosylation. Amino acid analysis of the purified TAG-72 revealed a profile
highly similar to that reported for other purified mucins. The results of double
immunodiffusion assays indicate that each epitope recognized by the anti-TAG-72
antibodies is expressed in multiple copies on the TAG-72 molecule. The purified
TAG-72 has been partially deglycosylated with trif luoromethane sulfonic acid in
preparation for amino acid sequence analysis. Other studies are underway to
determine the physical location, coexpression, and chemical makeup of the various
tumor-specific epitopes borne on the purified TAG-72; to analyze and compare TAG-
72 derived from other sources, including other human solid tumors, pleural
effusions, ascites fluids, serum, etc., with that derived from LS174T xenografts;
and to compare the spectrum of expression of the various tumor-specific epitopes
on TAG-72 derived from various sources.
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Major Findings

Xenografts of the LS174T human colon carcinoma cell line have been shown in a

double determinant radioimmunoassay to contain levels of the B72 . 3-reactive
antigen, tumor-associated glycoprotein (TAG) -72, equivalent to the highest levels
found in primary and metastatic human colon and breast carcinomas. Western
blotting analyses of LS174T extracts revealed that the antigen had a molecular
size distribution highly similar to that of TAG-72 derived from human primary and
metastatic breast and colon carcinomas. TAG-72 was partially purified from
extracts of LS174T xenografts by gel filtration on Sepharose CL-4B followed by
B72.3 antibody-affinity chromatography, and used as immunogen to produce 19

second generation anti-TAG-72 monoclonal antibodies (MAbs), designated CO
antibodies. Based on competitive binding studies, a number of the epitopes
recognized by the anti-TAG-72 MAbs appear to be structurally or spatially
related, but none appear to be identical. All of the epitopes are sensitive to
mild periodate oxidation and 15 of 19 are sensitive or partially sensitive to
neuraminidase digestion. All of the anti-TAG-72 antibodies produced immune
precipitate lines with purified TAG-72 in double immunodiffusion assays,
indicating that each epitope recognized by the antibodies is expressed in
multiple copies on the TAG-72 molecule.

Due to the high levels of TAG-72 found in LS174T xenografts as well as its
relative ease of availability, LS174T xenografts were also chosen as the starting
material for purification of preparative amounts of TAG-72. CC49, one of the
second generation antibodies elicited by partially purified TAG-72, was selected
for utilization in a larger scale purification scheme because of its higher
affinity of binding to TAG-72 than MAb B72.3. LS174T xenografts were homogenized
in a non-ionic detergent and centrifuged at 10,000 x g and 100,000 x g. Because
TAG-72 is both heat and acid stable, the supernatants were then either extracted
at 100"C or with perchloric acid. Following cooling or neutralization, the
supernatants were centrifuged again, reduced with dithiothreitol , and alkylated
with iodoacetamide . This material was then applied to a CC49 affinity column.
After washing and elution with 6 M guanidine HCl, the affinity-purified TAG-72
was separated from the bulk of the remaining protein on a Superose 6 column
equilibrated with 6 M guanidine HCl. Final purification was achieved using a

DEAE-5FW column equilibrated with 8 M urea and 20 mM formic acid, pH 3.5. Under
these conditions, the remaining contaminating protein failed to bind to the
column matrix, and the TAG-72 was recovered by elution with NaCl. A purification
of greater than 1000-fold with a total yield of greater than 10%, as determined
by amino acid analyses and double determinant radioimmunoassays, was achieved
using this protocol. Autoradiographs of radioiodinated purified TAG-72 separated
on sodium dodecyl sulfate-polyacrylamide gels (SDS-PAGE) showed a high-molecular-
weight polydisperse , but apparently homogenous, band. Similar results were
obtained by periodic acid-Schif f

' s reagent staining or Western blotting analyses
using CC49 immunostaining of purified TAG-72 run on SDS-PAGE. The purified TAG-
72 preparations did not contain material that stained with Coomassie blue. Amino
acid analyses of the purified TAG-72 revealed a composition highly enriched in
serine, threonine, glycine, proline, and glutamine and glutamate and containing
only trace amounts of methionine, tyrosine, and phenylalanine. This amino acid
profile is highly consistent with that reported for other purified mucins. The
purified TAG-72 has been subjected to partial deglycosylation using
trif luoromethane sulfonic acid for 8 hours at 4'C. Discrete peptides generated
from this material will be subjected to amino acid sequence analysis.
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We have extensively characterized prosolin, a major cytosolic protein of

proliferating HL-60 promyelocytic leukemia cells that undergoes very rapid
phosphorylation in response to treatment of the cells with tumor-promoting
phorbol esters like TPA as an early step in a pathway leading to cessation of

cell growth and onset of monocytoid differentiation. Prosolin has now been
identified in proliferating human peripheral blood lymphocytes (PBL) by tryptic

peptide mapping of proteins isolated from two-dimensional electrophoretic gels.

While virtually absent from resting PBL, prosolin expression is induced by

mitogens as a late event, during the onset of S-phase. Its level of synthesis
correlates with the prevalent level of DNA synthesis. Prosolin undergoes rapid

phosphorylation in proliferating PBL in response to TPA treatment, together with
an inhibition of DNA synthesis. Phosphorylation of prosolin may be part of the

mechanism by which naturally occurring growth inhibitory factors terminate normal
lymphocyte proliferation. T-cell leukemia cell lines show a marked reduction in

the rapidity of the phosphorylation of prosolin in response to TPA and other
agents. The degree of reduction of the TPA- induced phosphorylation of prosolin
in T-cell leukemias is related to the degree of undif ferentiation of the

neoplastic cells. We are cloning and sequencing cDNAs to prosolin. Partial
amino acid sequence data were obtained by analysis of tryptic peptides of

prosolin isolated from two-dimensional electrophoretic gels. Degenerate
oligonucleotide probes were synthesized and used to probe a lymphoblast cDNA
library. Positive clones are currently being analyzed.
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Major Findings

Prosolin is a major cytosolic protein of proliferating HL-6G promyelocytic
leukemia cells that undergoes very rapid phosphorylation in response to treatment
of the cells with tumor-promoting phorbol esters like TPA. We have characterized
this protein extensively and have shown that its TPA-induced phosphorylation is
an early step in a pathway leading to cessation of cell growth and onset of
monocytoid differentiation in HL-60 cells.

Prosolin has now been identified in proliferating human peripheral blood
lymphocytes (PEL) by tryptic peptide mapping of proteins isolated from two-
dimensional electrophoretic gels. While virtually absent from resting PEL,
prosolin expression is induced by mitogens as a relatively late event, during the
onset of S-phase. Once induced in rapidly proliferating lymphocytes, prosolin
becomes a major cytosolic protein and its level of synthesis correlates with the
prevalent level of DNA synthesis. As in HL-60, prosolin undergoes rapid
phosphorylation in proliferating PEL in response to TPA treatment, an effect
which correlates with an inhibition of DNA synthesis. Thus, prosolin may play a

necessary role in the S-phase of the cell cycle, and its phosphorylation may be
part of the mechanism by which lymphocytes exit from S-phase and suspend
proliferation. We are exploring the possibility that phosphorylation of prosolin
may be part of the mechanism by which naturally occurring growth inhibitory
factors terminate normal lymphocyte proliferation.

We have found that T-cell leukemia cell lines show a marked reduction in the
rapidity of the phosphorylation of prosolin in response to TPA and other agents.
This may provide a clue to the biochemical basis for their failure to respond to
normal signals that terminate lymphocyte proliferation. Results to date suggest
that the degree of reduction of the TPA-induced phosphorylation of prosolin in T-
cell leukemias is related to the degree of undif ferentiation of the neoplastic
cells

.

We are currently cloning and sequencing cDNAs to prosolin. Partial amino acid
sequence data were obtained by analysis of tryptic peptides of prosolin isolated
from two-dimensional electrophoretic gels. Degenerate oligonucleotide probes
were synthesized and used to probe a lymphoblast cDNA library. Positive clones
are currently being analyzed. Deduced amino acid sequence information may allow
us to compare the structure of prosolin with that of other proteins so as to
improve our understanding of its function and the control of its phosphorylation.
Full length cDNAs to prosolin will facilitate Northern and Southern blot analysis
of prosolin expression and genomic organization and will permit production of
recombinant prosolin. This will allow us to produce monoclonal antibodies, to
conduct detailed phosphorylation studies, and to perform biochemical and
molecular biological experiments on the function of prosolin.

We are also investigating the role of Ca^^ fluxes in prosolin phosphorylation and
lymphocyte growth regulation. Csi^* ionophore treatment of PEL results in
extensive phosphorylation of prosolin and production of a series of putative
phosphoprosolin forms not previously seen in TPA-treated cells. Characterization
of these multiple phosphorylated forms of prosolin is in progress.

Longer term projects in this area include more precise examination of the cell-
cycle specificity of the synthesis and phosphorylation of prosolin, and attempts
to clarify its function by studying its interactions, in vivo and in vitro, with
other molecules. Finally, the possible diagnostic and prognostic significance of
the reduced phosphorylation response of prosolin to TPA and other agents in

lymphoid leukemia cells will be explored.
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We are examining the relationship between neoplastic transformation and
biochemical derangements of expression or utilization of tropomyosins (TMs). In
NIH/3T3 fibroblasts transformed by a number of related and unrelated retroviral
oncogenes, expression of the transformed phenotype was reproducibly correlated
with suppression of synthesis of two specific TM isoforms ("muscle type"). Of
all the proteins detectable on two-dimensional gel electrophoresis of whole-cell
proteins, only the TMs behaved in this way. Treatment of rat fibroblasts with
tumor growth factor-a (TGF-ct), in addition to inducing the transformed phenotype,
specifically suppressed synthesis of muscle-type TMs and inhibited their
utilization in the cytoskeleton, strengthening the connection between suppression
of TM and expression of the transformed phenotype and adding support at the
biochemical level for an autocrine pathway in oncogene action. The findings
point out the close biochemical relationship between epidermal growth factor
(EGF) receptor activation and microfilament organization. Tropomyosin expression
in relation to oncogene expression and neoplasia is being studied in murine and
human epithelial cell systems. In mouse mammary epithelial cells transformed by
the Ha-ras oncogene, the ratio of TM to actin accumulating in the cytoskeleton
was reduced, indicating the production of microfilaments deficient in TM. The TM
isoforms expressed by normal diploid human mammary epithelial cells have been
compared with the pattern expressed by breast carcinoma cell lines. Defects in
expression of particular TM isoforms occurred in all of the breast carcinoma cell
lines studied, suggesting a possible role of deranged TM expression in human
neoplasia

.
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Major Findings

We are examining the relationship between neoplastic transformation and
biochemical derangements of expression or utilization of tropomyosins (TM) , a

family of microf ilament-associated proteins now known to occur in all cell types.
TMs are an essential component of microfilaments, present in a strict
stoichiometric relationship to the major microfilament protein, actin. In a

study of NIH/3T3 fibroblasts transformed by a number of related and unrelated
retroviral oncogenes, we found that expression of the transformed phenotype was
reproducibly correlated with suppression of synthesis of two specific TM isoforms
("muscle type"). Of all the proteins detectable on two-dimensional gel
electrophoresis of whole-cell proteins, only the TMs behaved in this way.
Similar observations were made with NIH/3T3 fibroblasts transformed by chemical
mutagens

.

Transformed fibroblasts are known to elaborate transforming growth factors,
particularly TGF-a, which has been proposed as a mechanism of transformation
utilizing an autocrine loop. We found that treatment of rat fibroblasts with
TFG-a, in addition to inducing the transformed phenotype, specifically suppressed
synthesis of muscle-type TMs and inhibited their utilization in the cytoskeleton.
This further strengthened the connection between suppression of TM and expression
of the transformed phenotype and added support at the biochemical level for an
autocrine pathway in oncogene action. The findings point out the close
biochemical relationship between EGF receptor activation and microfilament
organization.

Since most human malignancies occur in cells of epithelial rather than fibroblast
lineage, we examined a murine epithelial cell model system. Immortalized
"normal" mouse mammary epithelial cells transformed by the Ha-ras oncogene showed
no reduction in TM synthesis. However, the synthesis of actin was increased, and
the ratio of TM to actin accumulating in the cytoskeleton was reduced, indicating
the production of microfilaments deficient in TM. Thus, TM deficiency in
microfilaments may be the disturbance of TM metabolism that is common to
transformation in both fibroblasts and epithelial cells.

The relevance of disturbed TM expression to human carcinoma is being studied in
cultured lines derived from human breast carcinomas. The array of TM isoforms
expressed by normal diploid human mammary epithelial cells has been characterized
and compared with the pattern expressed by cell lines derived from breast
carcinoma. Defects in expression of particular TM isoforms, homologous to the
muscle-type TMs suppressed in transformed fibroblasts, occurred in all of the
breast carcinoma cell lines studied. We plan to extend these studies to fresh
specimens of normal and neoplastic breast tissue to determine whether such
defects occur in tumors as well as in established tumor cell cultures. Other
studies will examine the effect of transforming oncogenes on TM expression in
mammary epithelial cells to determine if defects observed in breast cancer
tissues and cell lines resemble those induced by transforming oncogenes. This
will help clarify the question of the prevalence of oncogene-related mechanisms
in carcinogenesis.

In related work, we are developing cDNA clones specific for the TMs expressed by
epithelial cells. These will serve as probes in studies of expression of the
various TM isoforms and in elucidating the mechanisms controlling them. They
will also be used in Southern blot analyses of DNAs from breast cancer cells to
determine whether deletion or rearrangement of TM genes is responsible for
altered expression of particular isoforms. Together with the preceding study.
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the information to be obtained will furnish perspective on the question of the
relative importance of mutagenic versus oncogene-related processes in
carcinogenesis.

To determine whether disturbed TM expression plays a causal role in
transformation, we have begun a study aimed at specifically suppressing TM
synthesis by the use of genetic insertions that produce antisense RNA sequences
to specific TM transcripts. The initial stages of this study are in progress.
Oligodeoxynucleotides homologous to the initiation region of a muscle-type TM
isoform have been synthesized, ligated in both sense and antisense producing
orientations into an expression vector with a selectable neomycin (G418)
resistance marker, and transfected into normal rat kidney fibroblasts. Resistant
cell clones have been selected and are currently being analyzed. The converse of
this approach--insertion of a construct to restore TM production in order to
reverse transformation--is being planned.
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We have developed a new technique for isolating cells t

by specific oncogenes using 4-cis-hydroxy-L-proline as

begun to characterize additional revertants from ras-tr
revertants are resistant to transformation by members o

to certain tyrosine kinase oncogenes, but they are sens
by mos , caf , and fos. Combining the retrans formation d

those from our ouabain-derived revertants isolated prev
find that all oncogenes can be placed into one of four

this represents a primitive functional classification,
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the cell membrane and kinase activity) to successfully
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f the ras gene family and
itive to retransformation
ata observed here with
iously (C-11 and F-2), we
groups, and we suggest that
If true, the ras gene

ions (such as attachment to

transform mouse cells.

In another series of experiments, 3 of 10 otherwise inactive human tumor DNA
samples tested positive for focus -fonning activity when used to transfect
indicator cells incubated without serum. Cells infected with the mouse c-myc gene
in a retroviral vector also efficiently transform NIH/3T3 clone 7 cells in the

absence of serum. The inhibition of focus-forming activity of c-myc appears to
take place after the synthesis of myc-specif ic mRNA. The nature of the inhibitor
present in serum is now being studied.
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Major Findings

The goal of this project is a fundamental understanding of the mechanisms by
which specific oncogenes transform cells, through the isolation and analysis of
cells genetically resistant to transformation. A major effort during the past
several years has involved the isolation and analysis of "flat" revertant cells
with defects in cellular genes or proteins that are necessary for transformation
by selected oncogenes. We have previously isolated two such revertant cell lines
with ouabain as a selective agent. These revertants have been used to separate
oncogenes that are able to transform a given revertant from onocogenes that
cannot. From our previous work, it seems likely that revertants resist
transformation because they have defects in an as yet unknown cell-encoded
pathway necessary for transformation by the ras gene and by other oncogenes that
use the same pathway--this interpretation implies that the oncogenes behave
differently because they are functionally different. If this is true, then
isolation of additional revertants with defects in different pathways could be
used to define major functional groups of oncogenes. Since these two initial
revertants (C-11 and F-2) exhibited identical patterns of susceptibility and
resistance when tested in retransformation assays with a panel of oncogenes, we
attempted to isolate additional oncogenes with different behavior patterns.
Since the properties of each revertant cell line might reflect the type of
selective procedure used in its isolation, we developed a new selective procedure
using cis-hydroxyproline (CHP) . With CHP as the selective agent, two similar
revertants were isolated. The new CHP-derived revertants exhibit a very
different resistance pattern than the original ouabain-derived revertants.

If we combine the data from the ouabain-resistant revertants with that from the
new CHP-derived revertants, the following pattern emerges:

RESISTANCE TO

OUABAIN-DERIVED

REVERTANTS

RESISTANCE TO CHP-DERIVED
REVERTANTS

yes no

Ha-ras Ki -ras src abl
yes

N-ras has
1 2

£&r fes

3 4

raf fos fms sis
no

mos

Thus, these two sets
oncogenes, hopefully
Therefore, despite an
there appear to be a

transformation. Note
its own unique recept
of PDGF, and fms is r

encoding oncogenes fa
the same pathway to t

of revertants can be used to define four groups of
according to the cellular pathways with which they interact.
almost unlimited number of oncogenes and growth factors,

relatively limited number of pathways involved in cell
that, except for fms and sis, each of which may act through

or pathway (the sis protein p28 is identical to the B chain
elated to the CSF-1 receptor), all of the tyrosine kinase-
11 into the same group. This indicates that they all use
ransform cells and that tyrosine kinase activity is a

572



ZOl CB 04848-17 LTIB

critical function in this process. The group labeled "1" contains only the ras-
related genes. To account for the ability of ras-derived resistant cells to

suppress transformation by other oncogenes and to explain some additional data of

Smith et al. , using micro-injection of antibodies against p21"'', it can be
assumed that p21"^ interacts with the cellular pathway involved in
transformation at a point distal to the action of many other oncogene products.

In an extension of our studies with the ouabain revertants resistant to

transformation by the ras oncogene, Dr. Makoto Noda, a former Visiting Fellow in

this section, has recently isolated sequences from a cDNA library described made
by Chen and Okoyama from normal human fibroblasts that have the capability of

suppressing transformation by ras in mouse cells. When sequenced, this activity
turns out to be associated with a gene, K-rev 1, that is distantly related to the

ras gene itself and makes its own version of pZl''^^. Thus, the human cells may
be resistant to transformation by ras because they have a p21-related product
that successfully competes with authentic p21 for the immediate cell-encoded
"target" used by the ras gene product to transform cells. Other explanations for

the activity of K-rev 1 are possible.

Although K-rev 1 does not seem to involve a change in the cellular transformation
pathway as we had hoped, this result clearly indicates that we can identify and
isolate cDNA sequences capable of reversing the transformed phenotype using the
methods we have developed. Because of Dr. Noda's work, which has been confirmed
by Drs . Chardin and Tavitian in Paris, we will change our original strategy of

transfecting genomic DNA from revertants and will now concentrate on efforts to
generate cDNA libraries with revertant activity. We also have isolated several
new resistant cell lines that should be useful in generating subtraction cDNA
libraries enriched for genes that can induce the revertant phenotype. These
include (1) revertant cDNA-NIH/3T3 RNA or transformed NIH/3T3 DNA; (2) revertant
cDNA-RNA extracted from re-revertants ; and (3) revertant cDNA-RNA from
azacytidine-treated revertant cells (revertants treated with azacytidine become
stably transformed by an as yet unknown mechanism, perhaps involving a loss of

expression of the target gene cell-encoded "target" gene)

.

A second project deals with an assay for the detection of additional human
oncogenes and for the retroviral oncogene myc . Although many oncogenes have been
isolated to date from human tumor-derived DNA extracts by transfection into cells
such as NIH/3T3, fully 80% of all human tumors do not contain any detectable
oncogenic activity. There are several models that may account for these negative
results, including the possibility that morphological transformation in the

majority of cells either in vitro or in vivo may involve more than a single
measurable dominant event. If this is true for a significant number of human
tumors, perhaps the search for dominant oncogenes may detect only a fraction of

the transforming activity in DNA from human tumor cells. To approach this
problem, we chose to examine the standard conditions for transfection of genomic
DNA extracts from human tumors for any procedure that might suppress the
appearance of transformed foci by hitherto unknown oncogenes.

We established a serum-free assay system that would allow NIH/3T3 cells to
survive in culture without passage for periods of up to 6 weeks without the
appearance of "background" or spontaneous foci that occur regularly in
conventional assay systems. Using "PC-i", a low protein, semi-defined medium
from Ventrex Corporation, we observed focus formation in 30% of human tumor DNA
extracts that had previously scored as negative in the standard transfection
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assay. The cells from each focus were each found to contain alu sequences, and
the sequences responsible for focus formation are currently under investigation.

To investigate the possibility that an inhibitor of transformation was present in
standard transfection assays carried out with serum, we tried to find a known
oncogene with known DNA and protein structures to use as a model. It was
important to find such an oncogene to enable us to investigate the mechanism of
inhibition with well-known probes. If there was such an inhibitor in serum, it
might be present in human serum, and this finding might be of importance in
controlling analogous human tumors in patients that had somehow lost inhibitor
activity. The myc oncogene appeared to be a suitable candidate. myc is
frequently involved in animal and human disease, often following its
overexpression and/or translocation. Despite its involvement in tumor formation,
myc does not readily transform 3T3-like fibroblast lines.

We find that under our serum-free conditions, myc, inserted into a retroviral
vector with neo, is able to transform a specific clone of NIH/3T3 cells, but does
not transform other rodent cell lines, including some additional clones of
NIH/3T3. The transformation efficiency is very high when the number of myc-
transformed colonies is compared to the number of neo-resistant colonies in the
same experiment. When myc-infected cells are returned to medium containing
serum, they lose the transformed phenotype but still continue to synthesize myc-
specific mRNA in roughly the same amounts as they do when propagated in serum-
free medium. It is possible that the inhibition of myc-induced transformation by
serum results from effects on a cell-encoded "target" of myc rather than on myc
itself. We are also trying to identify the serum-associated inhibitor of myc.
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

Transforming growth factor alpha (TGFa) has been circumstantially implicated in
the autocrine growth of a number of different rodent and human tumor cells in
vitro. However, its distribution and role in the etiology and/or progression of
rodent and human breast cancer are relatively unknown. The present studies have
demonstrated that biologically active and immunore active TGFa can be detected in
hormone ( estrogen) -dependent , DMBA- or NMU-induced rat mammary adenocarcinomas
and that these tumors possess a specific 4.8-kb TGFa mRNA. These tumors also
express elevated levels of c-Ha-ras protein (DMBA tumors) or possess a point-
mutated c-Ha-ras gene (NMU tumors). Ovariectomy results in tumor regression and
is preceded by a specific decrease in TGFa mRNA and protein. Transformation of
nontrans formed mouse mammary epithelial cell lines with a point-mutated c-Ha-ras
protooncogene results in the loss in mitogenic responsiveness of these cells to
exogenous epidermal growth factor (EGF) and a reduction in the number of
unoccupied EGF receptors on these cells due in part to an enhanced production and
secretion of TGFa. Several human breast cancer cell lines also secrete TGFa and
possess TGFa mRNA. In the estrogen-responsive breast cancer cell lines, estrogen
can induce a 3- to 5-fold increase in TGFa mRNA and protein. Treatment of these
cells with a polyclonal anti-TGFa antibody or with a monoclonal anti-EGF receptor
antibody can inhibit the growth of these cells in vitro. Elevated levels of TGFa
protein or expression of TGFa mRNA can be detected in 50-60% of primary human
breast tumors. No evidence was found for any gross amplifications and /or
rearrangements of the TGFa gene in these tumors. Additionally, overexpression of
a human TGFa gene in a cloned immortalized population of mouse mammary epithelial
cells can lead to the malignant transformation of these cells in vitro and in
vivo. Collectively, these results suggest that TGFa can function as an autocrine
growth factor for a subset of rodent and human breast tumors, that estrogens or
activated protooncogenes such as ras can enhance the expression of TGFa, and that
enhanced production of TGFa can lead to the transformation of mammary epithelial
cells that have a sufficient complement of functional EGF receptors.
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Major Findings

We have demonstrated that primary dimethylbenz (a)anthracene (DMBA)- or
nitrosomethylurea (NMU) -induced rat mammary adenocarcinomas produce biologically
active TGFa that can compete in an EGF radioreceptor assay for binding to the EGF
receptor and elaborate an equivalent amount of immunoreactive TGFa. In addition,
a specific 4.8-kb TGFa mRNA species could be detected in these tumors after
Northern blot hybridization with a labeled nick-translated human TGFa cDNA
insert. The primary, carcinogen-induced rat mammary tumors are estrogen
dependent for their growth in vivo and are estrogen responsive in vitro.
Ovariectomy results in a rapid and specific reduction in the levels of TGFa mRNA
and bioactive TGFa protein in the tumors within 6-12 hr post-ovariectomy

.

Furthermore, estrogen treatment of primary cultures of DMBA or NMU rat mammary
epithelial cells results in a 3- to 4-fold increase in the levels of TGFa mRNA.
These results demonstrate that the levels of TGFa in a subset of rat mammary
tumors may be regulated by estrogens in vivo and in vitro. The DMBA- induced rat

mammary tumors express elevated levels of c-Ha-ras mRNA and p21^^'^ protein,
whereas the NMU-induced tumors possess a point-mutated c-Ha-ras gene. In

immortalized rodent fibroblasts transformed by ras , there is generally an

enhanced level of production of TGFa that can be detected in these cells. To

determine whether a similar phenomenon may occur in mammary epithelial cells, we
have examined the levels of TGFa production in two immortalized mouse mammary
epithelial cell lines transformed with a point-mutated, human c-Ha-ras
protooncogene . We feel that this may be particularly relevant to human breast
cancer, because approximately 60-70% of primary human breast tumors express
elevated levels of c-Ha-ras mRNA or p21^^^ protein. Mouse mammary NMuMg cells or

cloned NOG-8 cells were transfected with the point-mutated c-Ha-ras gene in

plasmids containing either an SV40 promoter (NMuMg) or the glucocorticoid-
inducible mouse mammary tumor virus (MMTV) promoter (NOG-8) . After
transformation of the NMuMg cells with the SVAO plasmid in which overexpression

of the point-mutated c-Ha-ras gene is constitutive, there was a 3- to 4-fold

increase in the levels of TGFa that could be detected in the conditioned medium

(CM). Likewise, after dexamethasone treatment of NOG-8 cells that are carrying
the MMTV- inducible construction, there was a rapid increase in the levels of a

1.4-kb specific c-Ha-ras mRNA and p21''^^ protein within 3-12 hr . During the same

interval, there was a concomitant increase in the levels of TGFa mRNA that was

followed by a subsequent elevation in the amounts of TGFa in the CM. Normally,

NMuMg or NOG-8 cells are mitogenically responsive to exogenous EGF in monolayer

cultures and will grow in soft agar to a limited degree in response to exogenous

EGF or TGFa. However, after ras transformation, the cells become refractory to

these exogenously added growth factors. This may be due in part to the enhanced

levels of endogenous TGFa that are secreted and occupy cell surface EGF receptors

on these cells. This may occur because the number of unoccupied EGF receptors on

these cells is reduced by 80-90%, suggesting that there has been a chronic

receptor down-regulation induced by overexpression of ras. There is also an

increase in TGF/3 and insulin-like growth factor type I expression following ras

transformation in the NOG-8 cells, suggesting that a spectrum of complementing

growth factors are induced in mammary epithelial cells by this activated

protooncogene and that part of the enhanced anchorage-dependent and -independent

growth may be mediated through these growth factors.

TGFa is not entirely restricted to malignant rodent mammary epithelial cells.

Biologically active and immunoreactive TGFa (range 0.5 to 50 ng/10^ cells/48 hr)

has been detected in the CM obtained from the human breast cancer cell lines MCF-

7, ZR-75-i, T47-D, and MDA-MB-23i. In the estrogen-responsive and estrogen
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receptor (ER) -positive and progesterone receptor (PgR) -positive breast cancer
cell lines MCF-7, ZR-75-1, and T47-D, 17-/3 estradiol (10'^ M) produced a 3- to 5-

fold increase in the CM levels of TGFa within 24 hr after treatment of the cells.
Preceding this increase in secreted TGFa protein, there was a corresponding
elevation in the level of expression of a major 4.5- to 4.8-kb TGFa mRNA species
and a minor i.6-kb transcript that could be detected within 6 hr . Optimal
induction occurs between 10"' and 10'® M estrogen. Biosynthetic labeling of MCF-7
or MDA-MB-231 cells with ["'''S] cysteine followed by immunoprecipitation of the
culture medium with a specific polyclonal rabbit anti-TGFa antibody demonstrated
the presence of several high molecular weight TGFa species between 17,000 and
30,000. Treatment of several of these breast cancer cell lines with a

neutralizing polyclonal anti-TGFa antibody or with a blocking mouse monoclonal
anti-EGF receptor antibody produced a 60-70% inhibition in the anchorage-
dependent and -independent growth of these cells, suggesting that this growth is

functioning through the EGF receptor in an autocrine fashion to regulate the
proliferation of these cells. To ascertain if overexpression of the TGFa gene in
a population of nonmalignant , immortalized mammary epithelial cells is sufficient
to induce their neoplastic transformation, we co- transfected an SV40-human TGFa
cDNA expression vector plasmid and the pSVZneo plasmid into the NOG-8 mouse
mammary epithelial cell line. After selection with G418 for several weeks, we
isolated a number of G4 18-resistant clones. Analysis of the CM from a number of
these isolates demonstrated that several clones were secreting high levels of
TGFa in the range of 200 to 600 ng/lO*' cells/48 hr as compared with 5-10 ng/lO''

cells/48 hr for the parental nontransfected or only the pSV2neo-transfected
cells. Those clones that were secreting elevated levels of the growth factor
grew aggressively in soft agar and formed undifferentiated, invasive carcinomas
when injected into nude mice at a frequency of 80-90% within a period of 2-3
weeks. Additionally, there was an 80-90% reduction in the number of free,
unoccupied EGF receptors on these cells compared with the parental NOG-8 cells.
Neutralizing mouse monoclonal anti-TGFa antibodies were able to produce a 60-70%
inhibition in the soft agar growth of these cells. Collectively, these results
demonstrate that overexpression of this growth factor in an immortalized
population of mammary epithelial cells that also possesses a sufficient
complement of functional EGF receptors is capable of transforming these cells.

We have also initiated a series of studies to ascertain whether TGFa is produced
by primary human breast carcinomas and to determine whether there are any genomic
alterations in this gene within these tumors. In detergent extracts prepared
from normal or benign mammary tissues and from 22 primary infiltrating ductal
carcinomas, the immunoreactive TGFa concentrations were found to range from 1.5
to 6 ng/mg cell protein, with approximately 50% of the breast tumors possessing
TGFa levels that were >2.5 ng/mg cell protein, the level that was at the upper
end for the normal and benign tissues. We also analyzed 54 infiltrating ductal
carcinomas for TGFa mRNA expression. Approximately 50-70% of these tumors
obtained from two separate clinical sources expressed a detectable 4.8-kb TGFa
mRNA species. However, no significant association could be discerned between
TGFa mRNA expression and ER and/or PgR status, axillary lymph node involvement,
c-Ha-ras expression, and patient relapse due to the recurrence of the primary
tumor or distal metastasis. Furthermore, in a total of 79 breast tumors that
were analyzed by Southern blot hybridization after digestion of high molecular
weight DNA with 5amHI, no gross rearrangements or amplifications of the TGFa gene
could be detected when compared with the DNA restriction pattern that was
obtained from samples of matched peripheral blood lymphocytes from the same
breast cancer patients. We have been able to demonstrate the presence of
significantly higher levels (approximately 2- to 3-fold) of biologically active
and immunoreactive TGFa in the serous effusions (pleural and ascites) from breast
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cancer patients compared with the levels found in the effusions from noncancer
patients. In addition, there appears to be a significant positive correlation
between elevated levels of TGFa in these effusions and the presence of two other
tumor-associated antigens, CEA and TAG-72. These data suggest that TGFa levels
in effusions may serve as a prognostic marker for breast cancer recurrence.
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SUMMARY OF WORK lUse standard unreduced type. Oo not exceed the space provided.)

The etiology of human breast cancer is thought to involve a complex interplay of
genetic, hormonal, and dietary factors that are superimposed on the physiological
status of the host. Attempts to derive a cohesive picture of how these factors
participate in the etiology of breast cancer have been confounded by a lack of
information on specific mutations associated with. the initiation and progression
of the disease. We have undertaken a strategy that is aimed at determining, on a
molecular level, those genetic alterations in primary breast tumor DNA that have a

statistically significant association of patient history, tumor characteristics,
and patient postsurgical prognosis. The lnC-2 gene is frequently activated in
mouse mammary tumors by the mouse mammary tumor virus (MMTV) via insertional
mutagenesis. We previously found that int-2 is amplified 2- to 15-fold in 14% of
primary human breast tumor DNAs (n = 118) and has a significant association (p < 2

X 10"') with a poor prognosis for the patient. We have now defined the
amplification unit on chromosome llql3 and found that 17 of 18 tumors amplified
for lnt-2 were also amplified for hst and bcl-l. The hst and inc-2 genes are both
related to basic fibroblast growth factor. The fcci-1 locus defines the
translocation t(ll;14) breakpoint in B-cell chronic lymphocytic leukemias . In a

lymph node metastasis of a breast cancer patient, inC-2 but not hst was expressed.
In 10% of the primary breast tumor DNAs (n = 122) the c-erbB-2 gene was amplified.
The c-eriiB-2 gene is related to the gene encoding the epidermal growth factor
receptor. However, in contrast to one published report, we found no significant
association with patient postsurgical prognosis or other aspects of patient
history and tumor characteristics. In other studies, we detected the expression
of MMTV-related human RNA sequences in breast tumor-derived cell lines and have
obtained recombinant cDNA clones of these sequences for further analysis.
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Major Findings

In previous work on frequently occurring mutations in primary human breast tumor
DNA, we found the c-myc proto-oncogene amplified in 32%, and the int-2 proto-
oncogene amplified in 16% of the tumors, respectively. We have further
characterized the int-2 amplification unit on chromosome llql3 by testing other
closely linked markers. These include the proto-oncogenes c-sea and hst, the
t(ll;14) translocation breakpoint bcl-i., and the apolipoprotein gene complex
APOL-1, as well as the progesterone receptor gene (chromosome llq21) and the
ets-1 proto-oncogene (chromosome ilq23). In 17 of 18 tumors containing an int-2
gene amplification only bcI-1 and hst were coamplified. More recently, we have
obtained preliminary evidence, by RNA:RNA in situ hybridization, suggesting that
int-2 but not hst RNA is expressed in a lymph node metastasis from a breast
cancer patient.

We have found that the c-erbB-2 proto-oncogene is amplified in approximately 10%
of our primary breast tumor panel. Univariant and multivariant analysis of
various clinical parameters, including patient prognosis and overall survival,
did not reveal a significant association with c-erfcB-2 amplification. This is in
contrast to a recent report by Slamon et al. (Science 235:177, 1987) claiming
that c-erbB-2 gene amplification has a highly significant association with
relapse and overall survival. This apparent conflict may reflect the absence of
certain controls in the case of Slamon et al . as well as aspects of their
statistical methodology.

In previous work, we identified and characterized a family of human endogenous
retroviral genomes (designated HERV-II) that share significant homology with MMTV
structural genes. Recently, we have identified two breast tumor cell lines (MDA-
MB-468 and MDA-MB-231) that express RNA species (5.0 and 2.0 kb) related to the
HERV-II genomes. In addition, the MDA-MB-468 cell line also expresses another
novel 1.7-kb RNA species that hybridizes only with HERV-II long terminal repeats.
Recombinant cDNA libraries from these cell lines have been constructed and are
being screened for HERV-II-related clones.
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

The study of experimentally induced mammary tumors has focused primarily on
several mouse strains that are infected with mouse mammary tumor virus (MMTV) and
have been inbred for a high incidence of mammary tumors . We have expanded this
study to include other species of MMTV-infected feral mouse strains that have not
been, bred for high mammary tumor incidence. MMTV appears to induce mammary tumors
by acting as an insertional mutagen that leads to the activation of previously
silent cellular genes (int genes). We have previously shown that the inbreeding
program used to develop the high-incidence mouse strains may also have fixed other
cellular mutations that affect the frequency with which inC-1 and inC-2 are
activated. The int-1 and inC-2 genes are much less frequently activated in feral
mouse mammary tumors, raising the possibility that other int loci are active in
these tumors. We described one such locus, designated int-3, in CZECHII V* feral
mice. The organization of inc-3 differs from that of inC-1 or int-2. MMTV
insertions occur within a 500-bp region of the cellular genome on chromosome 17.

Viral insertion at this locus leads to the activation of the expression of two
cellular RNA species that correspond to host flanking sequences located 5' and 3'

of the viral insertion site, respectively. We are currently determining the
nucleotide sequence of recombinant cDNA clones corresponding to each of these RNA
species. Mice chronically infected with MMTV frequently contain preneoplastic
hyperplastic alveolar nodules (HAN), which can be transplanted as hyperplastic
outgrowth (HOG) lines. We have found that in three of four CZECHII HOG lines,
int-1 is occupied by an MMTV genome. This suggests that activation of int-l is an
early event in MMTV-induced mammary tumorigenesis. Human breast tumors frequently
express tumor-associated antigens. One of these, the carcinoembryonic antigen
(CEA) is a member of the family of related glycoproteins that are expressed
normally in fetal tissue, the placenta, and other adult tissues. We have found
that MMTV-induced CZECHII V* mammary tumors express a 4.0-kb RNA species that is

related to human CEA. ^^-jJO /
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Major Findings

We have previously found that 18% of CZECHII V'*' mammary tumors (n = 4A) contain a

MMTV proviral genome integrated at the int-3 locus. MMTV integration at int-3
activates the expression of a 6.5- and 2.6-kb RNA species corresponding to
cellular sequences located 5' and 3', respectively, of the viral insertion site.
In two of the tumors, however, only the 2.6-kb RNA species was detected. In
these tumors the MMTV proviral genome at the int-3 locus was truncated,
containing only long terminal repeat related sequences. At the present time, we
are determining whether or not the cellular sequences located 5' of the viral
insertion site are expressed in these tumors. We have obtained recombinant cDNA
clones of portions of the 6.5- and 2.6-kb int-3 RNA species and are now
determining their nucleotide sequences.

In M. spretus (MS) and CZECHII V* mammary tumors, the int-1 and int-2 genes are
activated at a significantly lower frequency (int-l 0% and 24% respectively, int-
2 27a and 6% respectively) than in mammary tumors of high-incidence mouse strains.
This may reflect differences in the tropism of the feral mouse MMTV strains for
subpopulation of mammary epithelium that are sensitive to the activation of other
int loci. To test this possibility, we have developed new mouse strains by
foster nursing BALB/c and CZECHII V" newborns on MS mice and BALB/c newborns on
CZECHII V* mice. We have immunological evidence of virus transmission in each of
these foster-nursed mouse strains and have begun to collect mammary tumors to

determine the frequency with which the known int genes are activated. If the
frequency of int gene activation is the same as in the virus donor strain, it

would strongly suggest that the frequency of int gene activation is, in part, a

function of the particular virus strain.

Mammary epithelium of mice chronically infected with MMTV frequently contain
preneoplastic lesions termed hyperplastic alveolar nodules (HANs). HANs are
composed of immortalized cells capable of repopulating mammary fat pads that have
been cleared of epithelium. HANs transplanted in this manner are referred to as

hyperplastic outgrowth (HOG) lines. We have found that the int-1 locus in three
of four CZECHII HOG lines is occupied by an acquired MMTV proviral genome. This
suggests that activation of int-1 represents an early event in mammary
tumorigenesis which contributes to the immortalization of mammary epithelium.

CEA is frequently expressed in primary human breast tumors as well as other
neoplasias. It is a member of a family of related high molecular weight
glycoproteins, some of which are expressed in fetal tissue, the placenta, and
certain normal adult tissues. Using a recombinant cDNA probe representing the 3'

portion of the human CEA gene, we have detected a related 4.0-kb species of RNA
in MMTV-induced CZECHII V' mammary tumors. We have obtained a recombinant cDNA
clone representing a portion of the mouse CEA-related RNA and are presently
determining its nucleotide sequence.
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

The main objective of this research project is to genetically engineer
immunoglobulin genes to generate useful reagents for in vivo localization and
therapy of human tumors . Several hybridoma cell lines have been developed in this
laboratory that produce monoclonal antibodies (MAbs) that selectively react with
tumor-associated antigens. These include the carcinoembryonic antigen and a

tumor-associated glycoprotein, TAG-72, which is present in a variety of
carcinomas. The MAbs are currently being used in a number of diagnostic and
therapeutic trials on breast, colon, and ovarian cancers. In clinical tests, one
such MAb, B72.3, which was raised against a membrane-enriched extract of a human
metastatic breast carcinoma and recognises TAG-72, has shown promise for being
developed into a diagnostic and therapeutic agent. The usefulness of mouse MAbs
for in vivo therapy and diagnosis of human tumors, however, is limited because of
their immunogenicity in patients. This problem can be reduced by replacing the
constant region of the mouse antibody with the constant region of the human
antibody, using recombinant DNA techniques. To that end, we have cloned the
rearranged heavy and light chain variable regions as well as the cDNA copies of Che
heavy and light chain gene messages of the MAb, B72.3. Chimeric heavy and light
chain immunoglobulin genes have been constructed. They were inserted separately
into appropriate expression vectors. Stable chimeric antibody-producing cell
lines were developed by introducing these constructs into both fibroblast and
myeloma cell lines. Chimeric antibody produced either from cDNA clones or clones
of the rearranged genes retained specificity and binding properties of the
parental antibody.
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Major Findings

We have prepared mouse-human chimeric B72.3 antibodies from cells transfected
with expression constructs of chimeric cDNA or genomic B72.3 clones.

A cDNA library was constructed, in XgtlO vector, using cDNA synthesized from mRNA
isolated from the hybridoma cell line, B72.3. The library was screened with
radiolabeled probes specific to the CHI domain of mouse 7-I and Ck sequences.
Two EcoRl fragments, one of 980 bp and the other of approximately 1700 bp,
containing intact coding sequences for leader, variable, and constant regions of
light (k) and heavy chains, respectively, were detected and cloned. The EcoRl
cDNA inserts were subcloned in M13 vectors, and the variable regions of heavy and
K chain clones were sequenced by the chain termination procedure of Sanger.
Chimeric mouse-human constructs were generated by replacing the constant region
of B72.3 heavy and k chain cDNA clones with the rearranged human 7-A and human Ck
region, respectively. In order to make a chimeric mouse-human heavy chain
construct, a Hindlll site was created by site-directed mutagenesis at the start
of the CHI exon of a genomic clone of human C7-4. The B72.3 variable region of
heavy chain cDNA clone, which has a Bglll site near its 3' end, was fused to the
human C7-A region using a Bgill-iifindlll synthetic linker. Construction of mouse-
human light chain clone was straight forward because both mouse and human Ck
regions have a site for Mboll 18 bp downstream from the junction of variable and
constant domains. The chimeric genes were inserted separately in an expression
vector that contains a strong promoter-enhancer transcriptional control element
from human cytomegalovirus. The expression constructs were introduced either
singly or in heavy/light chain gene pairs in COS-1 cells that allowed high
transient expression of the chimeric antibody molecules. An antigen-based ELISA
assay showed that the chimeric antibody molecules retained the specific binding
characteristics of the parent B72.3 antibody. SDS-PAGE analysis of the
supernatant from transfected COS-1 cells labeled with ['^S] -methionine showed
that transiently expressed antibodies were correctly synthesized and assembled in
tetrameric form. To develop a stable cell line producing chimeric antibody, an
expression construct of the mouse-human chimeric B72.3 light chain gene was
introduced into a vector carrying the neo resistant gene and was electroporated
into CHO-Kl cells. Transfectants were selected in medium supplemented with G418
and screened for light chain producers by an ELISA assay. Expression constructs
of chimeric B72.3 heavy chain gene carrying gpt as a selectable marker were then
electroporated into CHO-Kl cells producing light chain. Mycophenolic acid-
resistant colonies were assayed for antibody production by antigen-binding assay.
Stable transfectants producing 0.1-40 ;jg/ml of chimeric antibody were identified.
Chimeric antibody produced by the transfectant maintained the tissue binding and
idiotypic specificity of the native B72.3 antibody.

As a first step toward cloning the rearranged gene, the unique restriction
fragments carrying functionally rearranged genes were to be identified. To that
end. Southern blot analysis of genomic DNA of NSl, Balb/c, and hybridoma cell
line B72.3 was undertaken. To identify the light chain, a genomic Jj^ fragment
was used as a probe. The rearranged B72.3 light chain gene was identified on a

unique 18-kb 5amHI fragment of B72.3 genomic DNA. A partially enriched genomic
library was prepared from the 18-kb fraction of 5amHI-digested B72.3 DNA in EMBL3
vector. The library was screened with both the J region probe and a variable
region probe derived from B72.3 light chain cDNA clone. Southern blot analysis
of E'coRI-digested B72.3 genomic DNA with Jg probe showed 3-kb and 6.5-kb
fragments in B72.3 DNA that were not present in NSI and Balb/c genomic DNA
fragments. A partially enriched genomic library was constructed from the 3-kb
fraction of £coRI-digested B72.3 genomic DNA in \ Zap vector. The library was
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screened with J^ and variable region probe derived from the cDNA clone. Clones
of rearranged light and heavy chain genes were isolated, their inserts were
characterized by restriction endonuclease mapping, and they were subcloned in M13
vector for sequencing. Sequence analysis of light and heavy chain gene clones
showed their sequences to be identical to the B72.3 light and heavy chain cDNA
clones. Construction of mouse-human chimeric light chain gene was performed by
inserting a 5.6 kb Hindlll fragment containing k VJ region of B72.3 into the

Hindlll site of pACYC 184/HNEK vector, which contains sequences encoding the

human Ck region and the neo resistant gene as a selectable marker. Similarly,
the mouse-human chimeric heavy chain gene was constructed by inserting an
approximately 3 kb EcoRl fragment containing rearranged VDJ sequences of B72.3
into EcoRl sites of PSV2 gpt/Hu IgGj vector that includes constant region of the
genomic human IgGj . SP2/0 cells were electroporated with expression construct
carrying chimeric light chain genes. Transfectants were selected for GA18
resistance, and expression of light chain gene was analyzed by Western blot
analysis. The chimeric H2L2-producing cell line was developed by electroporating
the chimeric heavy chain expression construct into SP2/0 cells producing light
chain. Mycophenolic acid-resistant transfectants were assayed for H2L2
production by TAG-72 antigen-based radioimmunoassay. Several H2L2-producing
colonies were picked that produced 5.0-10.0 pg/ml of chimeric 72.3 MAb

.
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SUMMARY OF WORK (Use standard unreduced type Do not exceed the space provided.)

A number of genetic elements have been implicated in the process of malignant
transformation in the mammary glands of experimental animals and humans. The
mouse mammary gland provides an excellent experimental model within which to
elucidate the function of these putative mammary oncogenes during the growth,
development, and differentiation of mammary tissue in vivo. Any portion of the
adult mouse mammary gland at any age and throughout all stages of differentiation
can repopulate the gland- free mammary fat pad of syngeneic mice upon transplanta-
tion. Similar results are obtained when dissociated glandular epithelium is

injected into the fat pad or alternatively grown in culture under prescribed
conditions prior to reintroduction into the mammary fat pad. We have initiated
experiments designed' to evaluate the feasibility of introducing functional genetic
elements into mouse mammary cells with recombinant retroviral expression vectors
antecedent to the reintroduction of these cells into a gland-free fat pad.
Paramount to the success of such a project is the maintenance of the "repopulation
potential" of the mammary epithelial cells. Our studies and those of others
indicate that the number of cells capable of repopulation of the fat pad is small
initially and the ability to repopulate is gradually lost through mitotic events.
We have morphologically identified a potential candidate for these "mammagenic"
cells in sicu and in explant cultures. These cells seem to differentially express
certain cytokeratins during growth and expansion of the mammary gland in vivo,
suggesting that specific keratin expression could serve as a marker for these
"stem" cells. In addition, primary mammary cell cultures are being evaluated for
the efficiency of retroviral gene transfer, the level of recombinant trans-gene
expression in the infected cultures, and the stability of recombinant retroviral
gene expression in "mammagenic cell populations" subsequent to repopulation of the
gland- free mammary fat pads. We have developed a number of partially transformed
preneoplastic mammary outgrowth lines which are carried serially in vivo by
transplantation into gland- free mammary fat pads. Cells from these lines have
been grown in vicro and are capable of repopulating mammary fat pads subsequently.
These cells are being tested for retroviral gene transfer studies.
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PHS 6040 (Rev t/84)



ZOl CB 09027-01 LTIB

Major Findings

Sixteen hyperplastic mammary outgrowth lines have been established from Czech II
V^ as well as Czech II V" mice that had been foster-nursed on GR and C3H high-
incidence inbred mouse strains. Five of these serially transplantable
preneoplastic mammary populations have begun to produce mammary tumors in a

stochastic manner. The cellular DNA from 4 of these 5 lines has been analyzed
for MMTV DNA insertions which result in the rearrangement of the known int genes,
inC-l, int-2, and int-3. Three hyperplastic lines were found to possess a

rearrangement at int-i; the tumors arising within these lines possess the same
int-1 rearrangement. These observations suggest that these lines are clonal.
Analysis of DNA from the original outgrowth confirmed this conclusion. The
fourth hyperplastic line that was analyzed did not have MMTV rearrangements near
int-1, int-2, or int-3; but did contain 2 newly acquired MMTV genomes. The
tumors arising from this line also contain these same integrations, again
suggesting that this hyperplasia developed clonally. Analysis of the regions
flanking these MMTV insertions may reveal additional int genes important in the
early stages of mammary tumorigenesis

.

Transplantation experiments were conducted to test the "repopulation potential"
of the normal mammary gland in various stages in its development and
differentiation. All portions of the gland were capable of repopulating gland-
free mammary fat pads within 12 weeks of implantation. The estimated minimum
number of cells required for this activity was approximately 2.3 X 10'', but these
fragments contained the growing points (end buds) of actively developing mammary
epithelium in pubescent female mice. From mature virgins the smallest number of
cells that was capable of producing a repopulated gland was a fragment of the
tertiary duct or about 7.2 X 10^ epithelial cells. In contrast approximately 3.3
X 10* epithelial cells were contained within the fragments of lactating mammary
gland implanted within the gland-free pad. Interestingly, these latter fragments
were less efficient at repopulation although possessing larger numbers of
epithelial cells. In agreement with these transplantation studies we were able
to detect morphologically distinct cells present among the epithelium which
persisted throughout all stages of development and differentiation. These cells
were more prevalent in the fragments of growing end buds and tertiary ducts of 6

week old mice. These fragments were able to repopulate the cleared fat pad most
efficiently. In explant culture, these "stem" cells underwent mitosis within 4

hrs even in the absence of DNA synthesis, giving rise to groups of

morphologically distinct, pale-staining cells. In the presence of lactogenic
hormones, these daughter cells differentiated to a secretory phenotype . We
believe these cells represent dormant mammary epithelial-specific precursor
cells. We are currently evaluating keratin gene expression in the developing and
differentiated mammary epithelium in an effort to determine if these gene
products could serve as cellular markers for these putative mammary epithelial
stem cells.

Frozen sections of normal mouse mammary gland were stained with antibodies raised
against the synthetic peptides unique to the following epidermal keratins (Kl,

KIO, K5, K14, K6, K16, K18, K13). These studies were carried out in
collaboration with Dr. Dennis Roop (Baylor). Two pairs of keratin genes were
expressed differentially in mouse mammary epithelium, K6 and K16 and K5 and K14.

The polypeptides encoded by these genes combine within the cellular cytoplasm to

form keratin-specific intermediate filaments. K5 and K14 were expressed in
basally located epithelia which apparently corresponded to the myoepithelial
cells. K6 and K16 were found associated with a subset of luminal epithelial
cells which possessed the same distribution in developing, differentiating, and
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functioning mammary epithelium as the putative mammary stem cells we described
earlier. The numbers of these K6-positive cells increased during periods of
epithelial growth and expansion in a manner similar to the pale-staining
morphologically distinct cells. Expression of K6 by these cells was confirmed
directly by immunoperoxidase staining of semi-thin sections of plastic-embedded
mammary explants . We are currently examining preneoplastic and neoplastic
mammary tissues for the expression of these keratins.
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SUMMARY OF WORK (Use stanoara unreduced type. Do not exceed the space provided.}

In prokaryotes, cAMP is known to regulate the transcription of specific genes by
a well-defined mechanism. cAMP binds to the prokaryotic cAMP binding protein CRP
(cAMP receptor protein) /CAP (catabolite gene activator protein), and this complex
interacts with specific DNA sequences at the 5' ends of targeted genes,
modulating the ability of RNA polymerase to bind to the promoters. In mammalian
cells, gene expression is altered in response to stimulation by hormones.
Stimuli whose action is mediated through adenylate cyclase and cAMP-dependent
protein kinase influence the transcriptional efficiency of several genes through
the binding of specific factors to distinct cis-acting DNA sequences, CRE (cAMP
responsive element), located in the 5' noncoding (promoter) region. Recently, a

region containing the CRE has been shown to bind specific nuclear proteins from
various tissues. Recent evidence suggests that transcriptional regulation of
eukaryotic genes by cAMP requires a cAMP-dependent protein kinase. In this
study, we examined the role of cAMP-dependent protein kinase in gene
transcription. Since cAMP-dependent protein kinase is exclusively present in the

cytoplasm, any nuclear function of the protein kinase must be accompanied by its

translocation to the nucleus. It was found that the ras gene suppression, growth
inhibition, differentiation (leukemic cells), and phenotypic reversion of Ha-
MuSV- trans formed NIH/3T3 cells by site-selective cAMP analogs correlated with the
nuclear translocation of the RII cAMP receptor protein, the regulatory subunit of
protein kinase type II, which was detected within 10 min after the analog
treatment. Thus, the nuclear translocation of the RII cAMP receptor protein is

an early event in the cAMP regulation of growth and differentiation. The goal of
this study is to provide direct evidence of interaction between the cAMP
consensus sequences and cAMP receptor protein (RII) and/or a phosphoprotein
substrate of protein kinase.
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Major Findings

Type I and type II cAMP-dependent protein kinases are distinguished by their
regulatory subunits (RI and RII, respectively). Four different regulatory
subunits (RI„ [previously designated RI] , RI^ , RH„ [RII5J and RIIp [RII,,]) have
been identified at the gene/mRNA level. Two different catalytic subunits (C„ and
Cp) have also been identified; however, preferential coexpression of either one
of these catalytic subunits with either the type I or type II protein kinase
regulatory subunit has not been found. The changing levels of protein kinase
isozymes, therefore, can be measured using the photoaf f inity ligand 8-N3-
[^^P]cAMP, which binds covalently to their regulatory subunits, the cAMP receptor
proteins. The untreated breast (MDA-MB-231 and MCF-7) and colon (LS-174T) cancer
cells and HL-60 leukemia cells contained a major cAMP receptor protein with a M^
of 48,000, the RI^ cAMP receptor protein. When the cells were treated for 3 days
with 8-Cl-cAMP, the cAMP receptor protein of 52,000 M^, RII^, increased
appreciably with a concomitant decrease of the RI^ protein. The concentration,
subcellular localization, and transcriptional control of the expression of these
cAMP receptor proteins have been examined during treatment of LS-174T human colon
cancer cells with 8-Cl-cAMP. Two species of RII with an apparent M^ of 52,000
(RIIp) and 56,000 (RII„) and a single species of RI with a M^ of 48,000 (RI„) were
identified in the cancer cells. RI^ and both forms of RII were covalently
labeled with 8-N3- [^^P] cAMP, and two different anti-RII antibodies that
exclusively recognize either RII^ or RII^ resolved two forms of the RII
receptors. 8-Cl-cAMP treatment induced a decrease of RI^, an increase of both
RIIp and RII„ in the cytosols of cancer cells, and rapid translocation (within 10

min) of RIIp from the cytosol to nucleus. Nuclear run-off assay demonstrated
that 8-Cl-cAMP caused transcriptional activation of the RIIr receptor gene and
inactivation of the RI^ receptor gene. The transcriptional control of these cAMP
receptor genes, however, did not appear to be the initial event in 8-Cl-cAMP-
induced growth inhibition. Within 10 min after 8-Cl-cAMP treatment, both RI„ and
RIIp receptor levels increased 2-fold even though the transcriptional changes of
these genes could not be detected yet. Thus, 8-Cl-cAMP initially enhanced, at
least transiently, the stability of both RI„ and RIIp receptors and
simultaneously induced a rapid nuclear translocation of RIIo but not RI„ receptor
protein. In K562 chronic myelogenous leukemic cells. Northern blot analyses
demonstrated that 8-Cl-cAMP treatment induced an increase in the RIIp mRNA level
along with a decrease in the RI^^ mRNA level but did not affect the mRNA level of
the catalytic subunit. 8-Cl-cAMP treatment also brought about a rapid decrease
in c-myc mRNA level. These changes occurred within a few hours of analog
treatment, indicating that the changes are early events rather than the
consequences of growth inhibition and differentiation. The growth inhibition
induced by 8-Cl-cAMP of a human lung carcinoma, LX-1, in athymic mice also
correlated with a selective modulation of different forms of cAMP receptor
proteins. RI„ and Rllg levels changed in an inverse manner during 8-Cl-cAMP
treatment. Northern blotting analyses demonstrated that the changing levels of
RI3 and RIIp receptors paralleled the changing levels of their mRNAs . Also, only
RII„, not RI„, accumulated in the nucleus in regressing tumors after 8-Cl-cAMP
treatment. 8-Cl-cAMP treatment also caused a sharp decrease in both N-ras and c-

myc mRNA levels in the tumors.

These results suggest that the fundamental basis for the antineoplastic activity
of 8-Cl-cAMP resides in the restoration of normal gene regulation in neoplasms in
which cAMP receptor proteins may play a role. To further explore the role of
cAMP receptor proteins in the gene regulation of cancer cells, we are currently
conducting experiments that employ antisense strategy and gene transfer
technology

.
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Cyclic AMP (cAMP) in mammalian cells functions by binding to cAMP receptor
protein, the regulatory subunit of cAMP-dependent protein kinase. The cAMP
receptor protein has two different cAMP binding sites, and cAMP analogs that

selectively bind to either one of the two binding sites are known as Site 1-

selective (C-2 and C-8 analogs) and Site 2-selective (C-6 analogs), respectively.
Such site-selective cAMP analogs at micromolar concentrations exerted potent
growth inhibition, with no sign of toxic effects, in a spectrum of human cancer

cell lines, including those that are resistant to previously tested cAMP analogs,

leukemia lines, v-ras-H oncogene- transformed NIH/3T3 cells, and v-ras ^ oncogene-
or TGFa-transformed normal rat kidney (NRK) cells; the combination of a G-8 with
a C-6 analog showed synergistic effects. The growth inhibition was not due to a

block in a specific phase of cell cycle but paralleled selective modulation of

type I versus type II protein kinase isozymes, suppression of cellular proto-
oncogene expression, inhibition of TGFa production, phenotypic change, and

differentiation (leukemic cells). It is suggested that the site-selective cAMP

analogs, substituting for endogenous cAMP and binding to protein kinase, suppress
the cancer cell growth not via directly inhibiting cell division but rather by

promoting cell differentiation. Site-selective cAMP analogs thus provide new

biological tools for investigating cell proliferation and differentiation and

also for the improved management of human cancer.

8-Cl-cAMP is now in preclinical phase I studies at the National Cancer Institute.

A U.S. patent for the cAMP analogs, entitled "Derivatives of cyclic AMP as

treatment for cancer," was applied for on May 25, 1988.

6QI
PHS 6040 (Rev. 1/84) GPo ai4-«ia



ZOl CB 05216-18 LTIB

Major Findings

New site-selective cAMP analogs demonstrated the growth inhibition with many-foldgreater potency than previously studied analogs in a spectrum of 20 human cancer

'^uul'^^^\^?,Klt.^^''^:^^^^''^^^^
analogs tested, the majority produced growthinhibition (30-80%) with no sign of toxicity in all 20 cancer cell lines atmicromolar concentrations. The growth inhibition was not due to a block in cell

tl tTV°fLl^^^°''
'''"' paralleled a change in cell morphology, an augmentation ofthe RII cAMP receptor protein, and a decrease of p21ras protein. Since theadenosine counterpart of the analog produced cell death and G, synchronization

without affecting the RII and p21ras protein levels, it is likely that anadenosine metabolite is not involved in the analog effect. The effect of site-selective CAMP analogs on the growth of rat mammary tumors and human tumorxenografts, MX-1 and MDA-MB-23i mammary carcinomas, LOVO colon carcinoma, andLX-i lung carcinoma, in athymic mice was also tested. These in vivo models wereused to determine the efficacy as well as toxicity of cAMP analogs. Studiesdemonstrated that the site-selective analogs that are most potent in the growthinhibition of the cancer cell lines in culture are also most effective inproducing tumor regression in vivo.

The effect of site-selective cAMP analogs on the expression of differentiationmarkers was determined in leukemic cells. Treatment of HL 60 cells for 3 dayswith 8-Cl-cAMP at concentrations where 90X cell viability is present, induced a

n^M f ^^''''^f^^
in the expression of monocyte-specif ic surface antigens (MO, andOKM

)
and a decrease in markers related to the immature progenitor cells (My7 andMy9). Disappearance of cellular terminal deoxynucleotidyl transferase (TdT) hasbeen considered as a differentiation marker for human T-lymphocytic leukemia.Treatment of MOLT-4 (acute T lymphocytic) leukemia cells with 8-Cl-cAMP (10 uM)caused a time-dependent decrease in TdT activity; by Day 4, the activity

w^^hTr? "Li^"^
°^

'u"
untreated control levels. Moreover, treatment for 4 dayswith 8-Cl-cAMP m combination with N*-benzyl-cAMP (20 pM) brought about almostcomplete loss over 95%) of TdT activity. In the K-562 chronic myelogenousleukemia cell line, site-selective cAMP analogs induced megakaryocytic

differentiation. Treatment for 3 days with 8-Cl-cAMP (30 pM) induced a markedincrease in the fraction of cells positive for the glycoprotein II,-III antigen,a specific megakaryocytic marker expressed in the differentiation of thislineage. N -benzyl-cAMP treatment alone did not induce an appreciable increaseot this antigen expression, but when N*-benzyl-cAMP was added with 8-Cl-cAMP themajority of cells expressed this antigen.

Transforming growth factor alpha (TGFa) is a potent mitogen for fibroblasts andepithelial cells. 8-Cl-cAMP (50 pM) exerted potent inhibition of both themonolayer^and soft agar growth of NRK fibroblasts that had been transformed withthe v-ras oncogene or treated with TGFa. The growth inhibition was dosedependent and reversible and was accompanied by reversion of the transformedphenotype suppression of TGFa production, and a decrease in p21ras proteinlevels. These effects were linked to the cAMP analog's selective modulation ofthe type I versus type II protein kinase regulatory subunits present in thesecells. These data support the direct role of 8-Cl-cAMP in the control ofmalignancy induced by certain growth factors and/or cellular oncogenes.

These data show that site-selective cAMP analogs provide a biological tool forcontrol of malignant growth.
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Laboratory of Iramunobiology

SUMMARY REPORT

October 1, 1988 to September 30, 19S9

During the past year there have been several administrative changes. Dr.
Borsos retired from his position as Chief of the Laboratory of Iramunobiology
and became a Scientist Emeritus. Dr. Zbar was appointed Chief of the
laboratory

.

In the Cellular Immunity Section , studies continued on the genetic basis
of human kidney and lung carcinomas. Analysis of tumors from patients
with von Hi ppel-Lindau disease provided strong evidence cliat there is a

tumor suppressor gene located on chromosome 3p. Multiple renal cell
carcinomas in individual patients with von Hippel-Lindau disease showed
loss of the same chromosome 3p alleles, demonstrating that the same chromosome
was deleted in each tumor. Central nervous system hemangioblastomas and a

pheochroraocytoma also showed 3p allele loss. Analysis of haplotypes indicated
that the loss of chromosome 3p alleles was from the chromosome bearing the
balancing, wild-type allele of the VHL gene. These results are consistent
with the concept that the VHL gene is a recessive oncogene.

To begin to define the location of the VHL gene we have assembled a panel
of families with von Hippel-Lindau by contacting ophthalmologists, urologists,
neurosurgeons and medical geneticists around the United States and Canada.
To date we have identified 22 families containing some 105 living, affected
individuals. Blood samples have been collected from 419 individuals. There
are about 220 individuals at risk of developing the illness. Individuals
at risk are being examined in the Clinical Center under the protocol "Von
Hippel-Lindau disease: early diagnosis and identification of genetic markers
closely linked to the disease gene".

Linkage of . VHL was found to cRAFl , a gene located at 3p24-3p25. The LOD score
was 5.80 at a recombination distance of 0.12. Multipoint linkage analysis
is in progress. Current data suggest that the VHL gene is located distal to

cRAFl in the telomeric region of chromosome 3p. There was no evidence for

genetic heterogeneity. Familial pheochroraocytoma was linked to cRAFl

.

Three renal oncocytomas were examined for loss of alleles on chromosome 3p

.

In contrast to sporadic and hereditary renal cell carcinomas, renal oncocytomas
did not show a loss of alleles at loci on chromosome 3p. This result
supports the view that renal oncocytoma is a distinct form of renal neoplasia.

Efforts to clone the von Hippel-Lindau disease gene are continuing. To

date we have isolated from a chromosome 3 library more than 4000 phage
clones that contain single copy human DNA sequences. The inserts have been
isolated using low melting point agarose gels. These inserts are being
used in a large screening program designed to: a) assign regional location;
b) identify probes that contain genes; c) Identify probes that detect
differential expression of message in tumor cells compared to their normal

605



couacerparts. So Ear, che screening program has yielded :n-}ve ihaa 400
chromosoiae 3p probes and among chem, 100 probes chac dececc DNA sequences
conserved between different rnai;i;aal i an ;peci.is. Of 24 conserved probes
15 detected transcripts in renal cell carcinoma cells and small cell
lung carcinoma cells and 12 detected useful RFLPs.

In the Immunopathology Section , major progress was made on three different
biologically active proteins discovered in this laboratory. The first
was called raonocyte-derived neutrophil chemotactic factor (MDNCF) in our
previous report; it has been re-named neutrophil attractant/acc i vation
procein-1 ('lAP-l) and is referred to by some laboratories as i ncerleulci n-8
i,IL-8). NAP-1 attracts human neut rc^phils , but not monocytes, in coatrast
to :,iany well-studied attractants that do not have this leukocyte specificity.
Th:is, it could contribute to acute inflammatory responses characterized
by aeucrophil L it ;. 1 ; •:ari,in. In studies on interaction with other types
of leukocytes, MAP-1 did not attract eosinophils and attracted about' 10°4

of a normal human basophil population. A study with Dr. Martha irnite
showed chat NAP-1 caused release of histamine from human basophils. In
collaboration with Dr. Dennis van Epps, it was found that NAP-1 attracted
human cultured T-lymphocytes. To determine the biological significance
of the above in vitro effects, quantitative evaluation has begun on the
action of NAP-1 injected intradermally into human skin. Unlike C5a, which
causes a global response that includes a wheal-and-f lare as well as mast
cell degranulation, NAP-1 has no observable effect on skin mast cells, and
Che response appears to be confined to neutrophil infiltration. It is
possible chat NAP-1 is an important mediator in diseases characterized
by neutrophil-rich inflammatory lesions. As a first step in the study of
NAP-1 in lung disease, a collaboration has been initiated with Dr. John
Rankin at Yale to determine if normal lung macrophages obtained by
bronchoalveolar lavage make NAP-1. These cells were put into culture and
stimulated with bacterial endotoxin. Culcure fluids were analyzed for
chemotactic activity and NAP-1 ELISA reactivity before and after passage
down anci-NAP-1 columns. The experiments showed that stimulated lung
macrophages secreted NAP-1, and that the culture fluid contained attractants
in addition to NAP-1. The presence of NAP-1 was confirmed by isolation
and partial sequencing of the purified product.

Additional insight into the chemistry of NAP-1 was obtained as a result
of a new purification procedure that reduced the number of manipulations.
NAP-1 was purified on an immunoaf f inity column, after which HPLC-CM
chromatography yielded pure NAP-1 in 4 distinct peaks. N-terminal amino
acid sequence analysis, done by Elizabeth Robinson in the laboratory of
Dr. Ettore Appella, showed that in addition to the 72-residue procein
orginally found, there were two other forms that had 5 and 7 additional
residues at^the N-terminus. It was shown that incubation of crude culture
fluid at 37°C resulted in conversion of the longer forms of NAP-1 to the
72-residue form, by proteolysis at a R-S bond. Further proteolvsis did
not occur (despite other R-S bonds in the protein), which suggests that
this phlogistic molecule may persist at sites of release and contribute
to chronicity of inflammation in patholgic foci.
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Anew chemoi: Hccic cy::okiaa, moaocyr;" chernoat i: raccaac proi;rfLa-l (MCP-1),
was purified to homogeneity in the Tmmunopachology Section during the
parit year; and in collabor.ar.ioa vit'i Or. ".t';ore \ppella and colTeigues
it was sequenced and cloned. In contract to NAP-1 , this protein attracts
human monocytes and does not interact with human neutrophils. \ key to
success in purification of this protein was the discovery that a human
glioma cell line secretes large amounts, even in the absence of serum, so
that only a 150-fold purification was required to obtain the pure product.
MCP-1 was purified from glioma culture fluid sequential Oraage-A-Sepharose
chromatography, carboKyraethyl (CM)-HPLC, and reverse phase HPLC. It is a

basic protein, with a molecular \a-;s o!" 1V)0. It appears as two iistlnct
peaks on CM-HPLC and as two bands with slightly different nobility on SOS-?AGE.
The indistinguishable ami i;i acid conposition of these peaks suggests t'lat the

differences are due to post-t ranslational modification. The identical pair
of proteins was also isolated from PHA-st iiauld:':;d human blood aononaculear
cells, which suggests chat MCP-1 is Che aCtractant chat mediates accumulation
of monocytes in classical delayed hypersensitivity reactions.

Studies on the molecular biology of MCP-1 provided new Insights about this

protein. Northern blot analysis of 5 glioma cell lines showed a correlation
between the intensity of the message and the amount of MCP-1 secreted.
Several other types of human tumor cell lines revealed no MCP-1 message.
Stimulation of blood mononuclear cells caused appearance of MCP-1 message
in response to PHA and IL-1 beta, but not to IL-2, TNF-alpha, or IFN-garama.
Under conditions of high stringency, MCP-1 cDNA hybridized with genomic DNA
from chimpanzee and baboon, but not rat or mouse. Mitogenic stimuli of

several different cell types cause increases in mRNAs that have sequence
similarity to the coding sequence of MCP-1. The greatest similaricy (')8%

matching of tlie nucleotides of the coding region) is with a sequence called
Jo, which increases when mouse fibroblasts are stimulated by PDGF . This
suggests that MCP-1 is the human homologue of the JE gene product. JS mti:iA

is increased not only by PDGF in fibroblasts, but by endotoxin s t imulac ii:in

of mouse macrophages and by EGF stimulation of rat endothelial cells. The

generation of JE/MCP-1 by mitogenic stimuli eraphasi.-^es that both proliferation
(for wound healing) and cell recruitment (for host defense) are part of the

response to tissue injury.

Macrophage stimulating protein (MSP), a protein found in mammalian blood
plasma, oiakes mouse macrophages responsive to chemoat t ractants and causes
macrophage pseudopod formation. MSP has now been purified to near homogeneity
from 20 liters of human plasma, with a yield of approximately 500 micrograms.
The essential steps are application of plasma to a monoclonal anti-MSP
antibody column, acid elutlon of MSP (5000-fold purification), and two ion

exchange HPLC steps (an additional 100-fold purification). On SDS-PAGE,
pure MSP is seen as a major band with a molecular mass of about 90,000
daltons. Under reducing conditions, there are two bands, with masses of

60,000 and 30,000. Thus, MSP comprises twi:) polypeptide chains, linked by

disulfide bonds. After reduction and alkylation, the two chains were
separated by gel filtration under denaturing conditions. After endopept idase

digestion of the chains and separacion of the resulting fragments, partial
amino acid setiuences of several fragments were established. Comparison of

these sequence data with sequences in the data bank for existing proteins
shows that MSP is a newly described protein.
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Office of Che Chief . In collaborac ion .-/icii che Mainz group we contiaaed
elucidation of che raechanLsiu of Che accivatlon of CI, che firsc coiaporient

of corapleraenc. CI is made up of five subcomponents, 2 CAs , 2 Clr and 1 Clq

molecules. These subcomponencs dLssociaCe as a function of Ionic sCrengCh
and concencraclon and Ca++ are necessary for association. In che fluid
phase reassociation of the dissociated CI is highly efficient and can result
in che reconstitutlon of che original incacc molecule. We have compared
che association of che subcomponencs in che fluid phase with reassociation
when Clq is bound to an anCibody-ancigen complex. We discovered that
reassociatioti of bound Clq with the other subcomponents is inef

f

Lcienc :

less than 0.1% of the macromolecule is in che associated state. This
finding is Inportanc for one of the functions of che CI iniiibitor molecule
is the disassembly of CI into its subcomponents; if disassembly occurs
after CI was bound to antibody-antigen complexes, reassociation is effectively
blocked. Since che biological function of bound Clq is very differenc fron
bound CI, che consequences of inefficient reassembly have lniporcant

implications for transport, removal and digestion of antibody-antigen
complexes.

Several years ago it was reported chac mouse oncorna viruses were inactivated
by human but not by mouse serum. It was shown ChaC the virus bound and
activated human CI while mouse CI was bound buc noc accivaced. The
activated CI activaced che classical C cascade and the result was virus
neutralization. No antibody was involved in the reaction. We studied the
inaccivation of HIV-1 virus by fresh normal sera of several mammals and
discovered that numerous murine and feline sera were capable of inactivating
HIV-1, that the inactivating activiCy was heac labile, required Ca++ and
there was no antibody involved. Human and non-human primate sera lacked
this accivicy. The observation is consistent with the hypothesis that non-
primate serum complement direccly inacCivaCes HIV-1 and that lack of

inaccivation by primace sera may be due Co lack of activating interaction
of CI in these sera with the virus. This line of study is now pursued
vigorously.

608



PROJECT NUMBER
DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT
ZOl GB O.S552-23 LIS

PERIOD COVERED
Occober 1, 1988 co Sepceraber 30, 1989

TITLE OF PROJECT (30 ctiaracters or less. Title must lit on one line between me Doraers.)

Mechanism of Complement Fixacion and Acci-on

PRINCIPAL INVESTIGATOR (List other professional personnel below tne Principal Investigator) (Name, title, laboratory, and institute attiliation)

PI T. Borsos Sciencisc Emeritus LIB, MCI

COOPERATING UNITS tit any)

Department of Microbiology, University of 'iainz

LTCB, NCI

LAB/BRANCH

Laboratory of Immunobiolo^y
SECTION

Office of the Chief

INSTITUTE AND LOCATION

NCI, NIH, FCRF, Frederick, MD 21701
TOTAL MAN-YEARS;

1.0
PROFESSIONAL

1.0
CHECK APPROPRIATE BOX(ES)

D (a) Human subjects n (b) Human tissues 1^ (c) Neither

D (a1) Minors

D (a2) Interviews B

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

This is a long-range project investigating the mechanism of complement
fixation and action. In particular the interaction of antibody-antigen
complexes with the first component of complement and the result of this
interaction on the other components are investigated. The relation
between antibody action and complement activation is also explored.
Finally, the significance of complement in the humoral immune defense
r.iechanisra is studied.
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Major findings : i^ :ollaboracion w/Lch the Mainz group we continued
elucidation of the mechanism of the activation of CI, the first component
of complement. CI is made up of five subco^nponents , 2 Cls , 2 Clr and 1 Clq

molecules. These subcomponents dissociate as a function of ionic strength
and concentration and Ca++ are necessary for association. In the fluid

phase raassociation of the dissociated CI is highly efficient and can result
in the ceconsti tutlon of the original intact molecule. 'Je have compared
the association of the subconpouenLj I.i the fluid phase with reassoclat ion

when Clq is boijnd to an antibody-antigen comple>;. We discovered that

reassooiat ion of bound Glo, with the other subcomponents is inef : i c'lent

:

less than 0.1% of the macromolecule is in the associated state. This
finding is important for one of the functions of the CI inhibitor molecule
is the dijasserably of Gl i.ito Its subcomponents; if disassembly occurs
after CI was bound to antibody-antigen complexes, reassociation is effectively
blocked. Since the biological function of bound Clq is very different from
bound CI, the consequences of inefficient reassembly have important
implications for transport, removal and digestion of antibody-antigen
complexes

.

Several years ago it was reported that mouse oncorna viruses were inactivated
by human but not by mouse serum. It was shown that the virus bound and
activated human CI while mouse CI was bound but not activated. Tlie

activated CI activated the classical C cascade and the result was virus

neutralization. No antibody was involved in the reaction. We studied the
inactivation of HIV-1 virus by fresh normal sera of several mammals and
discovered that numerous murine and feline sera were capable of inactivating
HIV-1, that the inactivating activity was heat labile, required Ca++ and
there was no antibody involved. Human and non-human primate sera lacked
this activity. The observation is consistent with the hypothesis that non-
primate serum complement directly inactivates HIV-1 and t'nat lack of

inactivation by primate sera may be due to lack of activating interaction
of CI in these sera with the virus. This line of study is now pursued
vigorously.

Publications

Hosoi S, Borsos T. Further evidence for dlluation dependent dissociation
of Clq in human serum. Complement and Inflammation 1989, in press.

Borsos T. Histories and mysteries about CI. Behring Institute Mitteilungen
Mr. 84, 1989.

Borsos T. Immune complex activation of the classical complement pathway.
Behring Institute Mitteilungen Mr. 34, 1989.
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Investigations in the Immunopathology Section are on chemotactic and other

immune effector responses of leukocytes. The emphasis is on chemotaxis, a

mechanism by which cells are attracted to inflammatory sites, delayed

hypersensitivity reactions and growing tumors. The project includes chemistry

and biology of bacterial derived chemotactic factors, characterization of a

serum protein that modulates macrophage motility, and definition of functional

subpopulations of blood monocytes^
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Major findings : our recently discovered monocyte-derived neutrophil
chemotactic factor (MDNCF) has been renamed neutrophil attractant/activation
protein-l (NAP-1) and is referred to by some laboratories as interleukin- 8

.

We have made studies on the leukocyte specificity of NAP-1, previously shown
to attract human neutrophils but not monocytes. NAP-1 did not attract
eosinophils, but did attract about 10% of a normal human basophil
population. In collaboration with Dr. Martha White, it was shown that NAP-1
caused histamine release from human basophils. And in a study with Dr.
Dennis van Epps , it was found that NAP-1 attracted cultured human T-

lymphocytes . We have begun quantitative evaluation of the effects of NAP-1
injected intradermally into human skin. NAP-1 caused neutrophil
infiltration, without degranulation of mast cells. To study the role of
NAP-1 in generation of neutrophil- rich exudates in human disease, a

quantitative ELISA for NAP-1 has been developed. The ELISA has been used in
a collaboration with Dr. John Rankin at Yale to establish that LPS-
stimulated human bronchoalveolar lavage macrophages secrete NAP-1, and that
the macrophage culture fluid contains other neutrophil attractants in
addition to NAP-1. Detection of NAP-1 in these fluids by ELISA was
confirmed by isolation and partial sequencing of the purified product.

A new purification procedure for NAP-1 was developed. NAP-1 was purified on
an immunoaffinity column, after which HPLC-CM chromatography yielded pure
NAP-1 in 4 well-separated peaks. N-terminal amino acid sequence analysis
showed that in addition to the 72-residue protein originally found, there
were two other forms, with 5 and 7 additional residues at the N- terminus.
The longer forms were converted by proteolysis at R-S bonds to the 72-

residue form.

Monocyte chemoattractant protein-l (MCP-I), a new chemotactic cytokine, was
purified by us during the past year. In collaboration with Dr. Ettore
Appella and colleagues, it was sequenced and cloned. This protein attracts
monocytes, but not neutrophils. It was purified from both glioma culture
fluids and PHA- stimulated human blood mononuclear cells. MCP-1 is thought
to be the attractant that mediates accumulation of monocytes in delayed
hypersensitivity reactions. Although Northern blots showed that several
glioma cell lines made MCP-1 message, a number of other human tumor cell
lines showed no MCP-1 message. Blood mononuclear cells expressed MCP-1
message in response to PHA and IL-1 beta, but not to IL-2, TNF-alpha or IFN-
gamma. Stimulation of several different cell types causes increases in
mRNA's that have sequence similarity to the coding sequence of MCP-1. The
coding region of the gene expressed when mouse fibroblasts are stimulated by
platelet-derived growth factor (PDGF) has a 68% nucleotide match with that
of MCP-1, which suggests that MCP-1 is the human homologue of the JE gene
product. The generation of JE/MCP-1 by mitogenic stimuli emphasizes that
both proliferation (for wound healing) and cell recruitment (for host
defense) are part of the response to tissue injury.

During the past year, the Section has purified Macrophage Stimulating
Protein (MSP) to near homogeneity. MSP, a protein found by us in mammalian
blood plasma, makes mouse peritoneal macrophages responsive to
chemoattractants and also stimulates phagocytic and motile activity.
Approximately 500 micrograms of MSP have been purified from 20 liters of
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human plasma by sequential immunoaffinity column and CM-HPLC chromatography.
MSP has a molecular mass bv SDS-PAGE of approximately 90 kd. Under reducing
conditions, two bands with masses of about 60 and 30 kd can be detected.
After endopeptidase digestion of the separated chains, partial amino acid
sequences of several fragments were determined. The sequence data show that

MSP is a newly described protein.

Publications

.

Matsushima K, Morishita K, Yoshimura T, Lavu S, Kobayashi Y, Lew W, Appella
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MDNCF mRNA by interleukin- 1 and tumor necrosis factor. J Exp. Med.

1988;i67: 1883-1893.

Tanaka S, Robinson EA, Yoshimura T, Matsushima K, Leonard EJ , Appella E.

Chemical synthesis and biological characterization of monocyte-derived
neutrophil chemotactic factor (MDNCF). FEBS Lett 1988;236:467-470.
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Press , In press
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Twenty-three families with von Hippel-Lindau disease were identified in the

United States and Canada. Linkage analysis, performed with this family panel,

demonstrated that the von Hippel-Lindau disease gene is linked to cRAFl , a

gene located on the short arm of chromosome 3 at band 24 or 25. Studies of

tumors (renal cell carcinomas, hemangioblastomas ) from patients with von

Hippel-Lindau disease demonstrated a loss of alleles on the chromosome 3

bearing the wild-type allele of Che VHL gene. Four hundred chromosome 3p

probes have been isolated. One hundred of these probes detect ONA sequences
conserved between different mammalian species.
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Major fi ndings :

The gene for von Hippel-Lindau disease was found to be linked to cRAFl , a

gene located at 3p24-25. The gene for pheochroiaocytoraa was also found to

be linked to cRAFl . There was no evidence for genetic heterogeneity.

Tumors (renal cell carcino'aas, hemangioblastomas and a pheochromocytoma)
from patients with von Hippel-Lindau disease showed loss of allele:^ ar. loci

on chroinoso'ae 3p. Multiple renal cell carcinomas in individual patients
with von Hippel-Lindau disease showei loss of the same chroiTiosoae 3p alleles,
Jeuionst rat ing that the same chroaosoine 3p was deleted in each tumor.

Analysis of haplotypes indicated t'nat the loss of chromosome 3p alleles was
froiii the chromosome bearii^g the wild-type allele of the von Hippel-Lindau
disease gene.

Isolati on o f the von Hippel-L i nd au disease gene

So far 400 chrofiosome 3p probes have been isolated. One hundred of these
probes detect DMA sequences conserved between different mammalian species.

Renal Oncocytoma

In contrast to sporadic and hereditary renal cell carcinomas, renal

oncocytomas did not show a loss of alleles at loci on chromosome 3p. This
result supports the view that renal oncocytoma is a distinct form of renal

neoplasia.

Adrena l __carcinoma

Loss of alleles on chromosomes lip, 13q and 17p was observed in primary
tumors and metastases but not in adrenocortical adenomas or hyperplastic
lesions of the adrenal cortex. One patient with adrenocortical carcinoma
had a somatic mutation in the HRASl gene in the normal adrenal gland.

Publications :

Zbar B. Chromosomal deletions in lung cancer and renal cancer. In:

Important Advances in Oncology. Edited by V. DeVita, S. Hellman, S. Rosenberg,
Lippincott, 1989, pp 41-60.

Zbar B. Evidence for a recessive oncogene on human chromosome 3: implications
for pathologists and clinicians. In: Molecular Genetics and the Diagnosis
of Cancer. Edited by J. Cossraan, in press.

Yano T, Linehan M, Anglard P, Lerman MI, Daniel LN, Stein CA, Robertson
CN, La Rocca R, Zbar B. Genetic changes in human adrenocortical carcinotiias

.

JNCI 1988;31 :518-523.

Linehan M, Miller E, Anglard P, Merino M, Zbar B. Improved detection of

allele loss in renal cell carcinomas after removal of leukocytes by iinmunologlc

selection. JNCI 1989;81:287-290.
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LABORATORY OF MATHEMATICAL BIOLOGY

SUMMARY

October 1, 1988 through September 30, 1989

Research in the Laboratory of Mathematical Biology (LTB) covers a broad range of

theoretical and experimental studies of biological systems. These studies

include molecular modelling, theoretical molecular calculations, membrane

structure and function, immunology, pharmacokinetics, and physiological

modelling studies. Application of the basic understanding of these biological

systems, serving as models for aspects of the cancer and other process, is

accomplished through the use of advanced computing. Close collaborations

provide valuable feedback and knowledge transfer between research domains. The

Laboratory often develops computational and experimental methodology that i .

utilized by researchers through the biomedical community at large. Many ol he

theoretical studies have only been possible through the use of supercompur n>i

facilities at the Advanced Scientific Computing Laboratory, FCRF.

Office of the Chief

Sequence Analyses in Virology, Cell and Molecular Bio logy. In the Office of the

Chief, computerized analyses are used extensively along with experimental

techniques of biochemistry, virology, and electron micoscopy to study

picornaviruses , adenoviruses and other virus-cell systems.

The availability of a large number of nucleotide and amino acid sequences

enables detailed studies of a particular system as well as searches for general

trends. Detailed studies can involve structural computations and the effect of

single point mutations. Searches for general trends may involve comparisons of

structures of related genes. General patterns can also be discerned in studies

of sequences fulfilling analogous functions, such as promoters, taken from a

variety of genes/organisms or by searches for overall sequence characteristics

such as those required by genome packaging (Le, Currey, Konopka, Mussinov,

Maizel and Owens).

New analytical tools for studies of proteins and nucleic acids have been

developed and implemented (Barber, Le, Maizel, Nussinov, Owens). Numerical

methods aid in the prediction of secondary structures, splice sites, promoters,

and recombination sites in nucleic acids. Graphic representations reveal

homology, and reverse complementarity. These programs were developed and have

been installed on a variety of computer systems at the Advanced Scientific

Computing Laboratory. Structures up to 2000 bases in size have been predicted.
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Methods Co assess the significance of predictions have used Monte Carlo
simalations, evolutionary comparisons and biochemical data. New sequences were
compared with computeri ?:ed databases to detect relationships with known
proteins

.

RNA secondary structure methods have been refined to include alternate energy
parameters, extended Monte Carlo simulations, and comparative studies to

establish firmly the uncommon structural features in subregions of a number of
sequences of HIV and other retroviruses (Le, Nussinov, Currey, Shapiro, Maizel).
These predicted structural features have been correlated with biological
features, leading to deeper understanding of the replication and expression
processes in this group of viruses. In HIV-l and related viruses, predicted
stable features have been correlated with sites of tat-regulat ion elements, rev
responsive elements and sites of translat ional frame-shift. Conserved secondary
structure is predicted to be absent in regions of hypervariabil i ty in the
envelope gene m-RNA's. Use of the supercomputer has allowed development of a

lookup procedure for predicting stability of random sequences, which accelerates
surveys nearly 100-fold. Monte Carlo techniques are being developed that yield
greater than 80% correct prediction of t-RNA structures, for more than 100

examined sequences.

Techniques are being developed and are leading to sensible three-dimensional
models for perforin and apo-lipoproteins . Biochemical data will permit testing
of these predicted models. This work is the beginning of whai must become a

more routine part of gene sequence analysis ( Pe u si n ) . Preliminary
sequence/structure analyses have also been performed on onrot^ppf , i:)NA binding
regions and reverse-transcriptases (Barber).

Studies on the structure-function relationship 'i beta(l-4)
galactosyltransf erase (GT) and its modifier protein, al pha- 1 art a i bumin continued
this year (Qasba, Masibay and Boeggeman). The cDNA sequ ik e of bovine GT,
constructed from a partial cDNA clone and a genomic fragmerir, and engineered in

an Okayama-Berg vector, upon transfection of COS-7 cells, codes for an
enzymat ical ly active GT. The expressed protein is modulated by
alpha-lactalbumin to change the acceptor specificity to glucose, to synthesize
lactose. The expressed GT protein is fully functional and the binding sites for
UDP-galactose, M-acetylglucosamine

, glucose, and alpha-lactalbumin are all
intact and operative. The GT cDNA sequences have been further engineered to
delineate the regions involved in 1) producing either soluble or membrane
anchored forms of protein, 2) binding of UDP-galactose, N-acetylglucosamine

,

glucose and alpha-lactalbumin. Studies are being carried out to characterize
the cell-surface GT, the mechanism of synthesis of surface and Golgi
transferase, their genes, and the role of cell-surface GT in cell growth.

Molecular Structure . In the laboratory we are studying biological
macromolecules and their properties, including studies on peptides, proteins,
DNA and RNA. This includes physical chemistry of processes such as folding,
binding and changes of conformation.

One principal difficulty in achieving the correct folded conformation of a
protein is the overwhelmingly large number of possible conformations.
Restricting the space in which the conformations are generated provides a large
reduction in the number of feasible folded forms. We have been developing
schemes that limit the conformations generated simply by restricting them to be
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wichin a small volume (Jernigan and Covell). It has been possible t.o enumerate
all of the possible folded topologies of several small oroteins and evaluate
them with simple residue-residue interactions. In a way similar to folding

small proteins, studies have begun on tertiary folding of RNA. The same

procedure of using regular lattices to divide and simplify conformations has

proven useful to investigate the binding of small peptides to larger proteins

(Covell, Margalit and Jernigan).

Molecular modeling has been proceeding in four areas: membrane proteins (Guy,

Raghunathan, Peitsch), small peptides (Guy, Jiang, Jernigan, and Covell), DNA

double helix (Jernigan, Sarai, Mazur, Nussinov, Raghunathan, Shapiro, and

Owens), and DNA-protein interactions (Takeda and Sarai). For the membrane
proteins this model construction proceeds by combining experimental d.ita with

calculations of preferred locations and orientations of helices with respect to

membrane boundaries, helix-helix packing, formation of charge pairs and

disulfide bonds. Conformational models have been developed for the antibiotic
magainin, pardaxin, 6 lysin, and PGLa; these have assisted in understanding how

they can lyse cells and form channels. Small peptide 2D NOE NMR data indicating
close atoms have been combined with molecular calculations to yield models for

the neuropeptide Substance P and tachykinins. DNA double helices exhibit some

dependence on the base sequence; these details are being studied by

investigating the sequence dependence of the DNA helix flexibility. Methods to

calculate the induction of bends of specific shapes and curvatures are being

developed. One question that is unresolved is whether or not the details of

these conformations play a functional role in gene regulation. For the

DNA-protein interactions in operator-repressor inters'- M or-; , che modelling
proceeds by evaluating the strengths of various classes ot interactions.

Image Processing. Two areas of research are pursued in i hn Image Processing
Section (Lipkin): development of analytic methods to analyze two dimensional

gels (Lemkin), and nucleic acid secondary structure studies (Shapiro). In the

first area, development of the GELLAB-II software system was continued, with

concentration on increasing the resolution, gel image scanning, quantitation

accuracy, capabilities to annotate results and integration of a user graphics

windowing interface. A constant goal has been to simplify the user's role in

performing the exploratory data analysis of a composite 2D gel database. A

major part of the effort has been in integrating the UNIX based GELLAB-II

software with UNIX workstation based X-windows interactive graphics for

portability.

GELLAB has been used to tind a secreted axonal protein AXONIN-I (Lemkin,

Sonderegger, U. Zurich). New studies include cadmium toxicity of epithelial

cells (Lemkin, Sonderegger) and one on long term capillary cerebral epithelial

cell lines to aid in understanding the blood-brain barrier (Lemkin, Sonderegger,

Amberger and Bauer, Salzberg). A continuing project is to analyze sets of

lymphocyte gels and long term cell lines from human hematological malignancies
to identify potential marker proteins for possible microsequencing (Lemkin,

Lester, U. Tenn.). Also, GELLAB-II is being used to help assess stability of

long term cell lines in multiple passages (Lemkin, Alley).

The RNA secondary structure analysis system has expanded to include more

functionality for analyzing RNA conformations from various perspectives

(Shapiro, Maizel). This has involved the development of new algorithms to

explore secondary structure motifs and RNA tertiary structure, and has been made
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available as a computer workbench to allow a researcher interactively to pursup
areas of interest concerning RNA structure. Facilities are included to explore
multiple structures as well as individual RNA structures. This system permi '

^

queries of relationships of RNA secondary structures and can involve the various
software/hardware objects available at the FCRF. The Lll operon of E. co!i has
been studied with respect to regulation effects of the LI protein. Also, the

structural effects of the translation efficiency of the lamB gene of E. coli

were studied.

Studies on the use of concepts of information theory in understanding molecular
sequence patterns have advanced through analysis of experimental results showing
that the patterns at T7 phage promoters, unlike several other prokaryotic
recognition sites, have more sequence information than necessary for

transcription (Schneider), Work is under way to provide a theoretical
description of molecular machinery such as enzymes, ribosomes, etc., that can
set bounds on theoretical capacity and hence aid in design of molecular devices.

Simulation, Analysis and Modelling of Physiological Systems . Development
continued on the simulation, analysis, and modeling ( SAAM/CONSAM) computer
programs (Zech, Grief, and Boston) that permit increased numbers of

compartments, components, adjustable parameters and data points. Version30 of

SAAM and CONSAM was developed on the VAX and is available under the VMS
operating system. A major effort has been applied to the development of a

version of SAAM30/CONSAM30 for personal computers that use the Intel 80386
central processor. Advanced interactive graphics capabilities similar to those
available on the VAX or the SUN are under development. Dr. Zech served as

Chairman on an international committee to contribute adv,ii= regarding the
direction of kinetic analysis for a resource in kinetic analy-is. The SAAM
group organized and participated in workshops on the topivs ,' SAAM/CONSAM in

kinetic analysis. A special workshop was organized to discuss t hf kinetics of
lipid and lipoproteins, centered around the use of SAAM and COSAM.

The SAAM project also carried out collaborative research efforts, involving a

large number of national and international investigators, in the analysis of

data in the fields of lipid and lipoprotein metabolism, the testing of
hypotheses concerning human epinepherine and norepinepherine metabolism, the
quantitative description of the whole body metabolism and pharmokinet ics of
cancer perventive selenium compounds, and the quantitative description of the
metabolically significant vitamin A dynamics underlying homeostatic mechanisms
that function to regulate the general physiological functions of growth and
differentiation, reproduction, and vision and their relationships in cancer
pervention. The SAAM project also carried on collaborat ious with a large number
of national and international investigators in the chemical, pharmacological and
behavioral aspects of marijuana and "designer" drugs. A general pharmokinet ic

compartmental model for universal dosing regimens was developed to facilitate
optimization of individual dosage in the clinical setting. This model was
demonstrated in the optimization of a theophylline regimen as well as the an
estimate of pharmacokinetic parameters.

Theoretical ImmunoloM
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The overall aim is Co understand the physiology, pharmacology, and molecular
structure of biological ligands to aid in the rational design of next-generation
agents for treatment of cancer and AIDS. The Section (Weinstein) has focused on

monoclonal antibodies, partly for their intrinsic biomedical interest and partly
because they provide an important case study in the generic properties of

biological ligands. Recent developments have included: (1) The first selective
cell killing in vivo using an alpha emitting radioisotope conjugated to a

monoclonal antibody (Black, Weinstein.); (2) Development of methods in animals
and humans for selective delivery of antibodies to metastatic solid tumor and
lymphoma in lymph nodes. Clinical studies (collaboration with Larson,
Carrasquillo, et al.) in patients with T-cell lymphoma produced the most
efficient immunological imaging of tumor cells yet achieved in humans by any
non-invasive technique; (3) Quantitative modeling of the pharmacology of

monoclonal antibodies by combining the global pharmacokinetics, as determined
from experimental data and multi-compartmental kinetic models using -he SAAM
programs; the transport characteristics of tumor microvasculature ; and the

partial differential equations of diffusion, convection, and reaction that

describe microscopic flux of ligand within tumor substance (Weinstein, Fujimori,
Covell, ec al.). This newly developed computer program called "PERC" is being
applied to the pharmacology of a variety of endogenous and administered liganas
to include explicitly such features of the problem as monovalent and bivalent
binding, metabolism, and highly non-linear boundary conditions; (4) Structural
analysis of the molecular correlates of antigenicity, including the development
of a new algorithm ("HAL") for assessing molecular structure/function
relationships in proteins and peptides (Weinstein, Viswanadhan, Guy, et al.). A
"joint prediction" approach was also developed for predicting elements of

protein structure (Viswanadhan).

Also the small molecule dipyridamole (Persantine) became a major subject of

study in the last year when members of the Section discovered its possible use

in the treatment of AIDS. Dipyridamole (DPM) is widely used as an oral agent
for cardiovascular indications, and its best-defined mechanism of action is a

potent inhibition of nucleoside transport into and out of ceils. S. Szebeni and
J.N. Weinstein found that DPM and similar inhibitors of nucleoside transport
potentiate the activity of azidothymidine (AZT) and other dideoxynucleosides
against human immunodeficiency virus (HIV-1) in cultured human monocytes and
stimulated T-lymphocyCes. Since DPM does not appear to potentiate the cytotoxic
effect of AZT on human bone marrow progenitor cells in vitro, these findings
suggested that DPM might increase the therapeutic index ot AZT, and perhaps
other dideoxynucleoside agents, in vivo. The AZT/DPM combination has now been
approved for study by the AIDS Clinical Trials Group. Initial clinical studies
are being planned.

Other aspects of this combination chemotherapy being studied within the Section
include: (1) Mechanism: DPM blocks uptake of physiological nucleosides but not

of AZT, by human monocytes (Betageri). The potentiation of AZT may thus result,

in part, from decreased uptake of the nucleosides that compete with AZT for

viral reverse transcriptase. Other possible mechanisms of action such as

decreased CD4 expression, interferon induction, and inhibition of cyclic AMP
phosphodiesterase are being examined. Parenthetically, the examination of

interferon induction turned up a potentially significant finding: monocytes were
identified as a source of the acid-labile interferon-alpha that has been
reported as an early predictor of progression to clinical AIDS and as a

contributor to the sympotomatology of the disease. Preliminary polymerase chain
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reaccion studies appear co confirm the presence of the mRNA in HIV-infected
cells; (2) Molecular structure: A structure for DPM has been computed from
crystallographic coordinates. Molecular mechanics studies are being done on DPM

and its analogues, in parallel with quantitative structure-activity analyses of

a spectrum of similar agents (Viswanadhan) ; (3) Analysis of combination
chemotherapy: Because no published algorithm or computer package was adequate
for analysis of data on the antiviral effect of drug combinations, a new
approach was developed. The new computer program, COMBO, is proving useful for
the general analysis of combination chemotherapy of both cancer and AIDS.

Membrane Structure and Function

The research goals m the Membrane Structure and Function Section (Blumenthal,
Puri , Kaplan, Schoch, Clague and Herman) are directed towards an understanding
of mechanisms of membrane fusion mediated by viral spike glycoproteins. The
mode of action of the G protein of Vesicular Stomatitis Virus (VSV), the HN and
F proteins of Sendai Virus, and the HA protein of influenza virus are studied.
Specific topics include: I) development of fluorescent methods to study kinetics
and extent of adhesion and fusion using intact and reconstituted virions, and
liposomes and cells as targets; 2) development of methods to analyze
reconstitution of viral spike glycoproteins; 3) functional reconst i tut ion of
viral spike glycoproteins into lipid vesicles; 4) studies of mechanism based on
an allosteric model: the role of ligand binding, conformational changes and
cooperacivity of viral spike glycoproteins in mediating membrane fusion; 5)

studies of the effects of modifications of viral spike glycoproteins by pH,

temperature, enzymes, and chemicals on their fusogenic activities; 6) studies of
the relationship between virus-induced membrane destabilization (permeability
changes) and fusion; 7) Studies of viral entry into the cell by endocytosis
using fluorescent techniques; 8) Application of image processing using
video-enhanc 3d fluorescent microscopy controlled by a computer to analyze viral
entry pathways; 9) Examination of the disposition of the fusion protein after
the fusion event; 10) Identification of possible fusion intermediates; II)

Development of methods to study fusion activity of mutants of viral proteins
using c-loned viral membrane protein sequences expressed in transfected cells;
12) Structural studies of viral proteins; 13) Development of methods for using
reconstituted viral envelopes as vehicles for specific delivery of materials
into cells.

Membrane Biology

The research goals of the Membrane Biology Section (Pinto da Silva, Fujimoto,
Pimenta, Ru-Long, Taylor) were pursued in four main projects. Most of the
research effort was devoted to the development and application of fracture-flip
and immunogold labelling/fracture-flip. These methods provide macromolecular
resolution images of the ultrastructure of cell surfaces and of the distribution
of cell surface antigens and receptors. The second project relates to the
development and application of label-fracture, a method that provides
superimposed, co-incident images of the exoplasmic fracture faces of plasma
membranes and of the distribution of immunogold labelled receptors and antigens.
In a third project the identification and mechanism of partition of
transmembrane proteins is studied by fracture-label. The fourth project
represents a continuation of our interests on membrane fusion and of
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intercellular junccions. Finally, we initiated a study of the structure and
cell biology of the interaction of the leprosy bacillus with the macrophage
during ui vitro infections. The projects of the Membrane Biology Section have
benefitted from numerous collaborations.
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Continuing development of a computer system (SAAM) for the simulation, analysis,

and modeling of bio-kinetic systems, we advanced to allow for increases in the

number of compartments, components, adjustable parameters and data points.

Version30 of SAAM which was developed on the VAX is available under the VMS

operating system. While a generic version of SAAM30/CONSAM30 has been developed

for the UNIX environment, it has not yet been optimized to run under the

DEC Ultrex 3.x or the new Sun 4.x operating systems. A major effort has been

applied to the development of a version of 3AAM30/CONSAM30 which will execute

under the DOS operating system on personal computers which make use of Che Intel

80386 central processor. Because of the limitations of the DOS operating system

we have made use of the Phar Lap extensions to compile and link SAAM30 and

CONSAM30 on this series of computers. While SAAM30 runs quickly (compared to Che

VAX 8350) on these computers, it requires more than four megabytes of memory and

a Weitek coprocessor. Having SAAM30 available on this class of computer makes it

available to thousands of users who would ordinarily not have access to the

program. While CONSAM30 (the interactive version of SAAM30) has been compiled

for the 30386, the ability to support an advanced interactive graphics

capabilities similar to those available on the. VAX or the SUN compucers remains

under development. Because this effort makes use of proprietary linkers, memory
extenders, and graphics drivers, licences have been obtained by the laboratory so

that versions of 3AAM30 and CONSAM30 can be distributed to other investigators.
Compartmental analysis was applied Co plasma epinephrine (Epi) kinecics.

Eight humans received a ^H-Epinephrine infusion for 60 minutes. Analysis of the

steady-stace arterialized plasma levels of Epi and H-Epi resulted in a two

compartment model and resulted in plasma Epi appearance 0.82±0.16 mnol/m /min and
Epi clearance of 1.67±0.15 L/min/m^. The large extra-vascular mass of

epinephrine was estimated which permitted new insights into Che physiology and

pachophysiology of adrenomedul lary funccion in humans.
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Cooperating Units (Continued) :

Molecular Diseases Branch, NIHLB; Richard E. Gregg, Squibb Inst. for Med.
Res. Princeton, NJ; Dr. Ernest Schaefer, USDA Human Nutrition Center, Tufts
LIniv, Boston, MA; Drs. Y-Da Chen, & Gerald Reaven, Stanford Univ., Stanford,
CA; Dr. Phil Taylor, Cancer Prevention Studies Branch, NCI; Dr. OrviUe
Lavender, Beltsville Human Nutrition Research Center, USDA; Dr. Blossom
Patterson, Operations Research Branch, NCI; Dr. Barbara Howard, Medl antic
Research Foundation, Washington D.C.; Drs. Oscar Lenaris Jeffery Halter, U of

Michigan; Dr. Ba-Bie Teng & Allen Sniderman, Royal Victoria Hospital,
Montreal, Quebec; Dr. Gilbert Thompson, Hammersmith Hospital, London, Eniiland;

Dr. David M. Foster, University of Washington, Seattle, WA. and Dr Ahmed
Kissebah, University of Wisconson; Dr. Michael H. Green, The Penn-^y I vani a

State University. Dr's Danial Nixon, Myron Winic and Richard Co'^flvw,

Nutrition Labratory, DCPC, NCI. Gene Barnett, Biometric Research InsMture,
Arlington, VA.

Project Description /Al:

Project #1 The development of mathematical and computer tools for the

simulation of and analysis of bio-kinetic data and the implementation of these

tools within the framework of SAAM and CONSAM.

Major Findings;

(1) Computational Procedures : Continuing development ot a njmputer system
(SAAM) for the simulation, analysis, and modeling of bio-kineti systems. In

1988-1989 yr . we advanced the SAAM/CONSAM extensions to all'iw ! ir increases in

the number ot compartments, components and adjustable parameters having
previously accomplished the increase in the number of data poiiU', which can be

used with the simulator as well as an extension to 50 compart men' s . Version 30

of SAAM which was developed on the VAX is available audf c hai operating
system. While a generic version of SAAM30/CONSAM30 has been deve.oped for the

UNIX environment, it has not yet been optimized to run under the DEC Ultrex 3.x

or the new Sun 4.x operating systems. A major effort has been applied to the

development of a version of SAAM30/CONSAM30 which will execute under the DOS

operating system on the series of personal computers which make use of the

Intel 80386 central processor. Because of the limitations of the DOS operating
system we have made use of the Phar Lap extensions to compile and link SAAM30
and CONSAM30 on this series of computers. While SAAM30 runs quickly (compared
to the VAX 8350) on these computers, it requires more than four megabytes of

memory and a Weitek coprocessor. Having SAAM30 available on this class of

computer makes it available to thousands of users who would ordinarily not have

access to the program. While CONSAM30 (the interactive version of 3AAM30) has

been compiled for the 80386 series of personal computers the ability to support

an advanced interactive graphics capabilities similar to those available on the

VAX or the SUN computers remains under development. Because this effort makes
use of proprietary linkers, memory extenders, and graphics drivers, licences
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have been obCained by the Laboratory so that versions of SAAM30 and C0NSAM3G
can be distributed to other invest igacors

.

A version of SAAM30 was developed for Che UNIX-PC series of computers as more
than 100 users of SAAM have this computer as their only source of computing.
While this 75 compartment version of SAAM can execute on the UNIX-PC this could
only be accomplished by reducing the capabilities of this version of SAAM.

When this version of SAAM was combined with the interactive GKS graphics
developed for the UNIX-PC, the capabilities of the computer were exceeded.
Because of this a fifty compartment version of SAAM and CONSAM are under
development for the UNIX-PC which will have all the numerical capabilities of

SAAM30/CONSAM30. Thus the Life of SAAM/CONSAM on Che UNIX-PC will be extended
until these users can move to SAAM30/CONSAM30 on the 80386 personal computer.

30+ C language subroutines makeup the virtual cerminal graphics capahilicy
ucilize Che GSS-GKS C bindings on the UNIX-PC, and Che PloclO-GKS Fircran
bindings on the VAX under VMS. This virCual cerminal graphics program has been
excended by addicion of Che capabilicies Co manage segments, proportional tick
sizing and color capabilicies. This graphics capability has been enhanced and

expanded Co include supporC for several cerminal emulators, parcicularLy those
from Plot and those found in Kermic. A version of CONSAM30 making use of a

vircuai terminal was developed for Che VMS versions ot the program. As Che

development of this graphics capability proceeds, Che graphics program is also
being migrated Co Sun 3 and 4 series of workscaC i ons using Che Sun GKS C

bindings under SunOS 4.0. A version of GSS-GKS C bindings has been used Co

link Che graphics roucines on Che 80386 series of personal compuCers under DOS.

Because DOS is not a muLti tasking operating system and because CONSAM and Che

GSS-GKS run in differend modes on Che 80386 further development is required
combine these two tasks. This effort may require the exploration of other GKS
bindings, or multitasking extenders such as DESKview.

(2) SAAM Wor k shops, Distribution, & NewsLetter ; In the past year we have been
involved in several workshops. Another two day international SAAM USERS
meeting with workshops, tutorials, and presentations of work in progress was
conducted in conjunction with the Resource for Kinetic Analysis. Approximately
90 participants were in attendance. This represents the fifth users meeting,
previous user meetings being conducted in 1988, 1987, 1982 and 1976. SAAM29G
and SAAM30/CONSAM30 were announced at this meeting. Approximately 130

investigators attended the seventh annual workshop to discuss Lipid and
Lipoprotein Kinecics. Demand for Chis meeting is increasing because this is

Che principal opporcunity to discuss compartmental modeling of lipoprotein
modeling. This year the meeting was extended Co two days because of the number
of investigators who wanted to respond and present.

Hundreds of copies of Che SAAM/CONSAM sofCware have been provided to the
scientific community over Che pasc 12 months in an effort to establish other
centers in the collaborative effort, as pointed out by the scientific
counselors as necessary. This involves combining and confronting theorist and
experimentalist with topics which can profit from the application of computer
simulation and computation and further serves to obtain the besc experimencal
data for analysis an inclusion in data bases.
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such as the Lipoprotein and selenium data bases. To this end we plan to

continue to distribute thesp programs as necessary in the scientific community.

Several additional SAAMNEWS letters were written in conjunction with the

Resource for Kinetic Analysis which sent each newsletter to over 600

investigators who had indicated that they had an interest in receiving such a

news Letter.

Project Description i^2:

Project #2 Application of SAAM and CONSAM to the Simulation and Analysis of

Bio-kinetic Data. So that the Bio-Kinetic data collected will be applicable to

compartmental analysis, this effort includes chairmanship of the Radioactive

Research Drug Committee where all tracer studies com under review for

scientific merit. This effort also includes 800 hours of patient contact and

primary responsibility for more than 30 lipid and lipoprotein turnover studies

carried out in col laberat ion with the NHLBI

.

Major Findings ;

(1) In collaboration with Dr. Fisher and Dr. Stacpoole detailed kinetic studies

were performed in four FH subjects using an endogenous 3H-leucine tracer a

precursor of nascent apolipoprotein B. Subjects were studied before and after

restabilzat ion on lovastatin, 40 mg/day in divided doses. Because these

patients served as there own controls and the drug was administered in the

second turnover study, the carryover effects of the drug were non existent.

Low Density Lipoprotein Cholesterol decreased 45±9%±SD following treatment.

Following the intravenous injection of '^H-Leucine, plasma leucine. Very Low

Density Lipoprotein (VLDL), and Low Density Lipoprotein (LDL) specific

activities were determined over a 12 day interval. All subjects had an

increase in the fractional catabolic rate and a corresponding decrease in the

residence time of LDL ApoB-lOO. The two subjects with the longest pretreatment

LDL ApoB-lOO residence time and lowest production rate of apoB-100, had 2 and 3

fold increases in apoB-100 secretion in response to treatment with levostatin;

while, the two subjects with the shorter LDL residence times had little change

in the apoB-100 secretion in response to therapy. In FH heterozygotes , the

common response to lovostatin therapy was a decrease in a LDL-cholesterol

,

resulting in a lower Plasma-cholesterol. The dynamics of the control system

under investigation resulted in a new steady state where the decrease in

cholesterol resulted from an increased uptake of LDL particles as measured by

apoB-100 residence time. In two subjects, a lowering of Plasma-cholesterol was

associated with a corresponding increase in apoB-lOO synthesis and secretion,

and in the other two subjects, the synthesis and secretion was unchanged. This

result suggests that even though this drug inhibits hepatic cholesterol

synthesis, lipoprotein particle and probably cholesterol secretion into the

plasma remains unchanged or is even increased.
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(2) In coLIaboraCion with Or's. Michael H. Green, Danial Nixon, Myron Winick,

and Richard Costlow we are investigating Vitamin A kinetics. Despite major
advances in the study of both regulatory and molecular mechanisms involved in

the metabolism of vitamin A, many fundamental questions remain to be resolved
regarding the role of vitamin A in the general physiological functions of

growth and differentiation, reproduction, and vision. Specifically, it is

important to elucidate the underlying homeostatic mechanisms that function to

regulate hepatic release, plasma concentration, and recycling among the plasma,
tissues, and various cell types, as well as the tissue uptake and utilization
of vitamin A. An improved understanding of these mechanisms will make it

possible to better estimate how certain physiological, pharmacological, or

nutritionally related perturbations affect dietary requirements for the

vi tamin.

One approach to delineating the dynamics of metabol ically significant vitamin A

(retinol associated with the retinol-binding protein (RBP)/transthyret in(TTR)
plasma transport complex) is to study the vitamin's whole body kinetics. For
this purpose, A compartmental model was developed to describe the metabolism of

this vitamin A complex in rats with low vitamin A status maintained by a low

dietary intake of vitamin A (-2RE/d). Tracer and tracee data were obtained
from plasma, tissue (liver, kidneys, small intestine, eyes, adrenals, testes,
lungs, carcass), urine, and feces following the IV bolus injection of

[ H]retinol in its physiological transport complex. The dietary protocol
developed for this study resulted in animals having plasma vitamin A levels
less than lOyg retinol/dl and total liver vitamin A stores of approximately 1

RE. Four compartments were used to model the plasma; 1 to describe retinol, 1

to describe the nonphysiologicai portion of the dose, and 2 to simulate polar
metabolites derived from retinol.

The liver required 2 compartments and a delay, the carcass (small intestine,
eyes, adrenals, testes, and lungs, plus remaining carcass) required 3

compartments, and the kidneys required 2. The whole-bod disposal rate
calculated was 1.65 RE/d with the urine and feces account in^j for most of the
output. The plasma turnover rate was approximately 20 RE/d which was 12 times
greater than the utilization rate. This indicated that of the' large amount of

retinol moving through the plasma each day less than lOZ of this was actually
being utilized. Similarly, as compared to the whole-body utilization rate,
there was a relatively high turnover rate in the kidneys (9.0 RE/d), carcass
(8.2 RE/d), and liver (5.8 RE/d) coupled with a high degree of recycling of
vitamin A through these tissues. Of the total vitamin A that entered the liver
from all sources including the diet, approximately 86% was mobilized into the
plasma. SimiLarLy, of the vitamin A that entered the carcass, approximately
76% was returned to the plasma whereas essentially all of what entered the
kidney was returned to the plasma. The present studies provide quantitative
and descriptive evidence of an efficient metabolism of vitamin A from
absorption through turnover and utilization in rats with very low vitamin A

status. Furthermore, although their body stores of vitamin A were extremely
low, these rats maintained a high rate of flow and recycling of vitamin A
throughout the body.
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Protocols have been written and studies begun to test the above model in the
presence of other retnoids such as 4HPR and retonic acid. Results from these
ongoing studies will provide quantation of the Vit A sparing properties of
these and other retnoids used in cancer chetnothearpy . Further plans include
using the rat as a model to test the use of stable isotopes for Vit A.

turnovers in preperation for a major confermation of the model with human
subjects

.

(3) In collaboration with Dr. Linares; Dr. Halter, and Dr. Rosen; we used
compartmental analysis to analyze plasma epinephrinp (Epi) kinetics co

determine whether the kinetics of distribution and met.nholism nf Epi could be
best quantified using the isotope dilution method or a ->imple mathematical
model. Eight human subjects received a H-Epinephrine infusion for 50 to 60
minutes. Analysis of the steady-state arterialized plasma Ipvels of Epi and
H-Epi using isotope dilution resulted in a basal plasma Epi appearance rate

was 0.87±0.11 nmol/m /min and the basal plasma Epi clear nee rate is 1.63±0.14
L/min/M . A biexponential plasma decay curve was achieved with a two
compartment model and resulted in plasma Epi appearance 0.82±0.16 mnol/m^/min
and Epi clearance of 1.67±0.15 L/min/m^ which were not statistically different
from the results of the isotope dilution. The large extra-vascular mass of

epinephrine was estimated and permit new insights into the physiology and
pathophysiology of adrenomedul lary function in humans.

(A) In collaboration with Andre J. Jackson compartmental model for universal
dosing regimens was simulated using SAAM/CONSAM. The model provides a rapid
method of calculating non-uniform dosing regimens for up to a three
compartmental linear model. Subject data can be curve fitted with the program
to obtain individual estimates used in the facilation of individual dosage
optimization in the clinical setting. This model was used in the optimization
of theophylline regimen as well as the an estimate of a new pharmacokinetic
parameter, C . C is defined as the average drug concentration
concentration at steady stite for a drug with an irregular dosing interval.

(5) In collaboration with Dr. Schwartz, in vivo transport of free cholesterol
and esterified cholesterol among the components of blood was investigated.

Five experiments were carried out in normo-lipidemi c subjects administered
strategic combinations of two of the following; '*C mevalonic acid, LDL free ^H

or ^''C cholesterol, VLDL free ^H and HDL free ^H or ^"^C cholesterol; frequent
blood samples were then obtained for up to two days. The mass and specific
activity of HDL-FC, HDL-EC, 8-(LDL/VLDL)-FC, 6-(LDL/VLDL)-EC, and erythrocyte
FC were used to construct a compartmental model using the SAAM program. The
kinetic analysis showed that LDL-FC and VLDL-FC were transported in an

identical fashion. Erythrocyte FC conformed to a single pool which exchanged
in a bidirectional fashion with both HDL and LDL/VLDL without evidence of net
FC transport. The plasma concentration of HDL-FC was less than 30% of

LDL/VLDL-FC but erythrocyte FC exchange with HDL substantially exceeded that
with LDL/VLDL (10 vs 4.4 limol/min respectively).
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The LDL/VLDL EC data was resolved in each subject by transport of EC from HDL

to LDL/VLDL (range, 7-18 amo

L

/mi n ) . There was considerable transport of EC

from LDL/VLDL back to HDL but the net transport of EC was from HDL. to LDL/VLDL.

The range of net transport was 2.9-3.4 umol per min which equaled the loss of

EC from plasma via LDL/VLDL; HDL-EC was not directly removed from plasma. The

fact that HDL-EC was not transported directly out of plasma to tissue is

consistent with the concept that HDL is not degraded as an intact particle.

The finding that HDL mediates extensive FC exchange between plasma and tissue
without transfer of EC to tissue indicates a unique mechanism of HDL-plasma
membrane interaction.

(6) In collaboration with Drs . Ba-Bie Ting, Gilbert Thompson, Peter
Kwiterovich, and Allen Sniderman LDL ApoB turnover kinetics has been
re-examined. LDL ApoB kinetics have generally been analyzed by the two

compartmental model of mathues, the assumption being that all plasma LDL

particles have an equal probability of being catabolized. LDL has been shown

to be both structurally and kinetically heterogenous in a wide verity of

studies leading to a major contradiction of the excepted model. Accordingly a

new multicompartmental model of LDL metabolism was developed and tested using
data from one normal and three hyperapoB subjects. Each received a

simultaneous injection of '^^I-buoyant (L-LDL) and LDL^
^

^ I-dense LDL (H-LDL).

A model was developed containing, l)a L-LDL delipidation cascade with a slowly
catabolized pool which is derived from the cascade; 2) pathways where the L-LDL
is converted to H-HDL but a recirculation pathway where H-LDL can return to the

liver and subsequently re-enter the plasma space as L-LDL; and 3) L-LDL and

H-LDL can each be directly catabolized. Quantitative analysis using this model

resulted in the calculation of a fractional catabolic rate for L-LDL which was

one third the fractional catabolic rate for H-LDL apoB (1.33 v£ .42, /day). On

the average 62% of the L-LDL apoB moves through the cascade to act as precursor
for H-LDL (36% to 90%). The model underscores the physiologic importance of

cholesterol-ester exchanges in the production and metabolism of H-LDL and
L-HDL. Several additional normal and familial hyperchol esterolemic subjects
have been examined in the past year to test the proposed model , resulting in

conformation of the new LDL model.

(7) In collaboration with Dr. Blossom Patterson, Operations Research Branch,
NCI; Dr. Phil Taylor, Cancer Prevention Studies Branch, MCI; Dr. OrviUe
Lavender, Beltsville Human Nutrition Research Center, USDA; we are
investigating selenium kinetics. Little is currently known about the kinetics
of selenium in humans. The Selenium Pharmacokinetics Study a joint study
between NCI and USDA was designed to estimate basic pharmacokinetic parameters
for two prototype forms of selenium: sodium selenite (inorganic) and
selenomethionine (organic). Further, there was interest in whether these
parameters would vary if either form was administered in a fasting or a

non-fasting state as selenium is thought to be a cancer preventative in the
proper dose and form.

The metabolism of selenium appears much more complex than was originally
thought when the study was designed. This has led to kinetic modeling. The
main study was preceded by a pilot study. Six subjects were each given a

single, oral dose of 200 micrograms of sodium selenite. The cold stable
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Lsocope, Se, was used as a label for che dose. These six sets of data have
been used to realize a model for selenium metabolism.

The model developed describes the kinetics of sodium selenite metabolism in

humans, based on plasma, urine, and fecal samples obtained from six subjects
over a four week period following a single oral 200 pg dose of the enriched
stable isotope tracer Se. The model describes absorption distributed along
the GI tract and enterohepatic recirculation. The model includes r our
kinetically distinct plasma components, a subsystem consisting of the 'iver and
pancreas, and a slowlv-turning-over tissue pool. For the six subjects, che

ranges of mean residence times for che four plasma components are respect i /ely:

0.2-1.1 hrs., 3-8 hrs., 9-42 hrs., and 200-285 hrs.; for the hepato-panc r^at ic

subsystem, 4-41 days; and for the tissue pool, 115-285 days. Approximately 84%
of che administered dose was absorbed and after 12 days about 65^o remained in

che body. The model predicts chat, after 90 days, about 35% would be retained,
primarily in the tissues. Separating Se metabolism into several distinct
kinetic components is a first step in identifying che efficacious, nutritious,
and toxic forms of the element.

In a portion of the main study sixteen subjects were each given labeled
selenite. Subjects were on a controlled diet for three days prior to dosing,
and twelve days thereafter. This allowed us to determine their total intake of

selenium, and helped assure that they would be in steady state. A split unit
design was chosen for che study. Each person received a single dose in both
fasting and non-fascing nutritional states. This design was chosen to allow
precise measurement of any differences resulting from fasting state, while
minimizing the number of subjects required. Data analysis has centered around
estimation of those parameters necessary to make decisions about size and
' requency of dosing. Our analysis up to now has been based on extending che
piloc study model Co include these data.

Over the past year we have applied this model to fasting and nonfasting main
study subjects receiving inorganic selenium compounds. There appears to be a

difference in che Cwo most rapid plasma components. In a crossover study in

which each subject serves as his own control, there is always Che possibilicy
of carryover. In other words, the possibility of tracer from the first study
influencing the second study. Our first task was to detect and remove
carryover effects, if any. A comparison of the plasma data for each subject
showed that the tail of the plasma curve for the second study was higher than
chat for che first study. This was true regardless of fasting order.

To account for this carryover effect, we used the model to simulate the amount
of tracer remaining in Che body after 90 days. We estimate that about 40 % of

the first dose remained at the time the second was given. Most of this was in

the slowly-turning-over tissues.

The techniques of compartmental modeling give us the power to make a separation
between the tracer remaining from the first study and the tracer given in the

second. By retaining label in the appropriate compartments in our model, we
were able to adjust for the carryover effect in estimaces for che second sCudy.
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Wich the carryover accounced for we were free Co examine differences due Co

feeding sCaCus. About 81% of Che Cracer dose was absorbed by subjeccs when

fasting, and abouC 76% when non-fascing. While this difference is

statistically significant at the .05 level, we do not consider it metabol ically
meaningful. We found no differences in cumulative levels of tracer in the

urine or in Che feces chac corresponded Co fascing stacus.

The plasma daCa told another story. The early levels of tracer in the plasma
were higher when the dose was taken fasting, regardless of fasting order. To

look ac Chis difference more closely but in a preliminary way which did not

Cake crossover effects into account, we calculated r he relative differences in

area under the plasma curve for fasCing versus non-fasting values tor each

subject. ThaC is, Che fascing value less Che non-fascing value, divided by the

non-fascing value. These areas are derived from curves ficced to the obsp'-ved

daCa, and are noc adjusced for Che carryover. The differences are all

positive, and decrease wich cime.

For all plasma components togecher, fasCing levels are more Chan one and a half
cimes as greaC as non-fascing levels for Che first 2 hours after dosing. Over
the next 6 hours this difference decreases so that, by 24 hours, there is no

discernible difference between fasting and non-fasting levels.

The difference on dose day is Largely due Co Che first plasma componenc.
Levels are abouC 2 Co 3 cimes as high for subjects when fasting as when
non-fasting. This relative difference in the first plasma component persists
for the entire study. However, this component only dominates the plasma curve
for the first several hours.

Median levels for the second plasma component are also higher when subjects
were fasting, but the differences are very small. There is no observable
difference attributable Co fascing sCaCus in levels of Che third and fourch
plasma components. These componenCs, which are fed by Che liver, pancreas, and
Che tissues, contain most of the plasma tracer afCer 24 hours.

We found chac there were meaningful differences in Che plasma Chat depended on
whecher Che dose was given fasting or non-fasting. An explanacion consiscenc
wich Che model is ChaC Chere is a much larger firsc pass effect in subjects
when non-fasting than when fasting. This means that, when subjects are
non-fascing, more of Che dose is removed by Che I i ver before reaching Che
peripheral circulation. This may be in response co increased porCal flow
associated with eating. We also found that there was a long-term carryover.
Differences in the levels in the tail of Che plasma curve reflected this effect
and were not related to fasting status.

There were no metabolically meaningful differences related to fasting status in

absorption, or in urinary or fecal excretion. What are some implications of

these findings? Each of the four plasma pools represents a kinetically
different selenium compound. These may have different mechanisms of action in

relation to nutritional requirements, toxicity, and cancer prevention. Fasting
state modulates the effects of the first plasma component. Suppose this
componenc is important in cancer prevention. To maximize benefits Co Che

634



ZOl CB 08300-17 LTB

Liver, Che dose should be given non-fasting. To maximize benefits in the

peripheral circulation, it should be given fasting.

If Se is involved in toxicity to the liver and pancreas, then the effect would
be minimized if the dose were taken fasting. Using kinetic modeling
techniques, we have separated the plasma into multiple components, so that each
can be examined for optimal dosing conditions.

A Stat stically significant but nutritionally unimportant difference in

absorption between the fasting, 80. 2±, and non-fasting, 76^, subjects was
detected. In the feed state a larger fraction of the absorbed tracer dose is

removed by the liver before appearance in the plasma. This response may be

secondary to increased portal flow associated with eating. If specific plasma
components prove to be important in cancer prevention,

this differentiation between the delivery of chemo-preventive selenium to the

liver and peripheral tissues is modulated by the fasting status of the study
subject

.

A pilot model for the analysis of the kinetics organic selenium,
selenomethionine has been developed using the first four studies. This model
will be used to compare the kinetics of organic selenium compounds and its

modulation by fasting and nonfasting status of the study subjects. These
models will allow us to make population estimates of the various
pharmacokinetic parameters. Finally, these estimates will be compared using
analysis of variance techniques. Both main effects and interactions of form

selenium and fasting state will be investigated.

Using kinetic modeling techniques, we have separated the metabolism of Se into

multiple components. If, as we have suggested, the kinetically distinct plasma
components represent chemically different forms of Se, each may have a

specific, probably different, mechanism of action in relation lo nutritional
requirements, toxicity, and cancer prevention. If Se is an effective cancer
prevention agent, its efficacy may not be uniform throughout the body", the

amount and form reaching various organs or tissues may be at considerable
research interest. Studies can be planned to identify those particular forms

that show the greatest potential beneficial effect, and their particular
kinetics further characterized.

It remains to take into account base line tracer levels and combine all these
findings into the model to calculate a best estimate of selenite metabolism.

Publications

:

Redda K, Walker C, Barnett G. (Eds) Cocaine, Marijuana and Designer Drugs:

Chemical, Pharmacological and Behavioral Aspects. CRC Press, Inc. Cleveland,
Ohio 1989;238.

Barnett G, Redda K, Rapaka R. Designer drugs: An overview. In: Redda K, Walker
C, Barnett G. (Eds) Cocaine, Marijuana, and Designer Drugs: Chemical,
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The research goals in the Membrane Structure and Function Section are directed
towards an understanding of mechanisms of membrane fusion mediated by viral spike

glycoproteins. We are specifically studying Che mode of action of the G protein
of Vesicular Stomatitis Virus (VSV), the HN and F proteins of Sendai Virus, and

the HA protein of influenza virus. Specific topics include: i) development of

fluorescent methods to study kinetics and extent of adhesion and fusion using
intact and reconstituted virions, and liposomes and cells as targets; ii)

development of methods to analyze reconstitution of viral spike glycoproteins;
iii) functional reconstitution of viral spike glycoproteins into lipid vesicles
iv) studies of mechanism based on an allosteric model: the role of ligand

binding, conformational changes and cooperativity of viral spike glycoproteins in

mediating membrane fusion v.) studies of the effects of modifications of viral
spike glycoproteins by pH temperature, enzymes, and chemicals on their fusogenic
activities vi ) studies of the relationship between virus-induced membrane
destabilization (permeability changes) and fusion vii.) Studies of viral entry
into the cell by endocytosis using fluorescent techniques. viii.) Application of

image processing using video-enhanced fluorescent microscopy controlled by a

computer to analyze viral entry pathways. ix) Examination of the disposition of

the fusion protein after the fusion event; x) Identification of possible fusion
intermediates; xi) Development of methods to study fusion activity of mutants of

viral proteins using cloned viral membrane protein sequences expressed in

transfected cells; xii) Structural studies of viral proteins; xi-ii) Development
of methods for using reconstituted viral envelopes as vehicles for specific
delivery of materials into cells.
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Project: Description :

Other Professional Personnel (continued):

Michael CLague Ph.D. Visiting Fellow LTB, NCI

Andreas Herrmann Ph.D. Visiting Fellow LTB, NCI

Christian Schoch Visiting Fellow LTB, NCI

Doron Kaplan Ph.D. Visiting Scientist LTB, NCI

Major Findings ;

1. We have succeeded in monitoring the mixing of both aqueous Lnt race 1 1 al ^r and

membrane-bound fluorescent dyes during the fusion of human red blood cells to

influenza hemagglutinin (HA)-expressing fibroblasts using fluorescence
spectroscopy and low-light, image-enhanced video microscopy.

2. The water-soluble fluorescent dye, N-( 7-Ni t robenzof urazan-fi yl )taurine , was

incorporated into intact human red blood cells. The fluorescence of the dye in

the intact red blood cell was partially quenched by hemoglobin. The lipid
fluorophore, ocCadecylrhodamine, was incorporated into the membrane of the same
red blood cell at self-quenching concentrations Fusion, which allowed movement
of the water-soluble dye from the cytoplasm of the red blood cell into the

HA-express ing fibroblasts, and movement of octadecyl rhodamine from membranes of

red blood cell to the plasma membrane of the fibroblasts, was observed by

fluorescence microscopy as a spatial relocation of dyes, and monitored by

spec t rof 1 uoromec ry as an increase in fluorescence.

3. Upon lowering the pH below 5. A, fluorescence increased after a delay of about
30s at 37 C, reaching a maximum within 3 min. The kinetics, pH-profile, and
temperature-dependence were similar for both fluorescent events measured
simultaneously, indicating that influenza HA-induced fusion rapidly establishes
bilayer continuity and exchange of cytoplasmic contents.

4. Movement of fluorophores between effector and target was restricted during
the initial events in fusion, consistent with the opening of small junctional
pore(s); HA-induced leakage of a small molecule from the target occured
concomitant with fusion.

5

.

In a study on the relationship between pH-induced conformational changes of
viral protein and their ability to induce membrane fusion we found a marked
difference between the H2 and H3 strains of influenza virus: the fusogenic
activity of A/ Japan/305/57 (H2 subtype) was not affected by pretreatment at low
pH in contrast to X-31 (H3 subtype). Although the sequence of the fusion
peptide and the location of cysteine residues are strikingly conserved, there is

only about 45% sequence homology between the two strains (Gething et al, Nature,
287, 301 (1980).
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6. Based on an alLosteric model for viral protein-induced fusion we have defined
three conformations of the influenza HA: the T (tense) state at neutral pH, and
the R (relaxed) and D (desensitized) states at low pH. The T state is

characterized by well-defined spike structures as observed by Cryo Electron
Microscopy and by its insusceptibility to proteolytic digestion, the R state is

characterized by well-defined spike structures as observed by Crvo Electron
Microscopy and by its susceptibility to proteolytic digestion, and the D state
is characterized by a fuzzy appearance as observed by Cryo Electron Microscopy
and by its susceptibility to proteolytic digestion.

7. We find that at 37 C the X-31 HA rapidly assumes the D state .it < pr low pH

pretreatment , which is inactivated for fusion, whereras the A/Japan HA assumes
the R state, which is still fusogenic. It is not clear which stale is assumed
during fusion.

8. Using our new speccrof luorometric assay for monitoring the the fusion of

human red blood cells to influenza HA-expressing cells, we have studied the
fusogenic activity of HA proteins altered in the fusion peptide sequence by
site-directed mutagenesis and expressed in simian cells using SV40-HA
recombinant virus vectors obtained from Dr M.J.Gething (J. Cell Biol. 102

:ll-23, 1986). The kinetics of fusion induced the altered HA proteins followed
very well the pattern of fusogenic activity measured by ceil biological
techniques

.

9. In order to identify the initial stages of membrane fusion induced by
Vesicular Stomatitis Virus (VSV), we performed stopped flow kinetic measurements
wi ' h fluorescent ly labeled virus attached to human erythrocyte ghosts with
symmetric bilayer distributions of phospholipids. Fusion was monitored
spec t rof I uoromet ri cal

1
y with a 50 ms time resolution using the

oc tadecy I rhodami ne dequenching assay.

10. At values close to the pH threshold for fusion a lag phase of about 2s was
observed at 37 C. This lag time decreased steeply with pH 6.05-5.8, and at pH

5.6 it was not measurable with the time resolution studied. The observed rapid
fluorescence changes resulted from fusion of virus bound to the target, and the
time lags were not due to association-dissociation reactions between virus and
target. The initial rates of fusion showed similar steep dependence on pH. For
a given pH value temperature dependence of delays and rates was similar.

11. Using SAAM, the results were fitted to a muLtistate model similar to those
resulting from ion channel gating kinetics. The model allows certain
conclusions to be drawn about the roLe of cooperat i vi t y and conformational
changes in viral spike glycoprotein-mediated membrane fusion.
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Gln-Phe-Phe-Gly-Leu-Met-NH ),

Gly-Leu-Met-NH^) , senktide(Asp-Phe-Phe-Gly-Leu-MetNH ) and septide
Phe-Pro-Leu-MeE-NH ) have been studied here with
2-dimensional MGE's and semi-empirical energy calculations. The

The solution conformations of two tachykinins, substance P ( Arg-Pro-Lys-Pro-Gln-
physalaemin (pGln-Ala-Asp-Pro-Asn-Lys-Phe-Tyr-

(Asp-Phe-
have been studied here with a combination of NMR

number of
possible conformations is extremely large, and requires a large computational
time to locate the low energy conformations of these peptides. Energy
calculations are carried out for fragments to find low energy conformations by
energy refinement. Then, these are used as possible starting conformations for
the whole molecule. Thus, the starting conformations of the whole molecule are
chosen by combining the low energy conformations of each fragment. Following
this, the total conformational energies are calculated and energy refinements
carried out. Conformations are then selected that are consistent with the NMR
2-dimensional NOE data.

PHS 8040 (Rav 1/B«)
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Project Descript: ion ;

Major Findings ;

In wacer, substance P and physalaemin prefer to be in an extended conformation.
However, in methanol, their conformations are a mixture of 6-turn conformations
in dynamic equilibrium. Solvent titration data and chemical shift temperature
coefficients complement the MMR estimates of interproton distances by assisting
in locating hyarogen bonds and identifying dominant conformational states. The

C-terminal tetrapeptide appears to have the same conformation for both substance
P and physalaemin. In physalaemin, the middle ot L^'-- peptide is consrrained by

the formation of a salt bridge.

In methanol, rhe lowest energy conformation of -lenkcide is found to be an a
helical structure with additional hydrogen bonds berween the carbonyl oxygen of

Phe2 and the amide groups of Gly and Leu, and other possible hydrogen bonds,

such as between C0( Phe3)-NH(NH2 ) and C0( Asp)-NH(Leu ) . The NH group of Phe3

points toward the outside in its low energy conformation. The planes of the

aromatic rings of Phe2 and Phe3 point in different directions and are almost
perpendicular to each other. All tachykinins have the Gly-Leu-Met-NH2 fragment
in common and Substance P (SP) has Phe-Phe-Gly-Leu-Met-NH2 fragment in the C

terminal sequence. The a helical conformation is one of the lowest energy
conformations for senktide. Substance P may be in a helical conformation at the

Phe-Phe-Gly-Leu-Met-NH2 on its C terminal end, and at least partially a helical
conformations are common to all tachykinins.

The lowest energy conformation for septide is very different from senktide
because of the replacement of glycine in senktide with proline in septide. Mone
of the low energy conformations have an a conformation just before the proline.
But B conformation and some others followed by proline exist among low energy
conf ormat ions

.

PUBLICATIONS :

Ben-Nairn A, Ting K-L, Jernigan RL. Solvation thermodynamics of biopolymers I.

Separation of the volume and surface interactions with estimates of the volume
and surface interactions. Biopolymers, in press.

Ben-Nairn A, Ting K-L, Jernigan RL. Solvation thermodyami cs of biopolymers II.

Correlations between functional groups. Biopolymers, in press.

Ben-Naim A, Ting K-L, Jernigan RL. Solvent effect on binding thermodynamics of
biopolymers. Biopolymers, in press.
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SUMMARY OF WORK (Usm itarxJanl unnaucml ypa. Do not »Mca«a tria ipaca gimama.)

We have studied three conceptually different ways of "targeting" liposomes:

(1) Antibody-mediated targeting . We found that antibody-bearing liposomes bind

in large numbers to cells which bear the appropriate antigen. However, the bound

liposomes are internalized only if endocytosis is possible. Upon endocytosis,

liposome-entrapped methotrexate (MTX) can escape from the endocytic apparatus and

bind to cytoplasmic dihydrof olate reductase, inhibiting growth of the cell. In

the course of these studies, we developed the first heterobifunct ional method for

coupling antibody to liposomes. Current studies are directed toward HIV-infected

cells.

(2) Physical targeting . We designed "temperature-sensitive" liposomes, which

break down and selectively release an entrapped drug in vivo at temperatures

achievable by local hyperthermia. These liposomes selectively deliver MTX or cis

platinum to mouse tumors in vivo and inhibit their growth.

(3) Compartmental targeting . We have demonstrated the delivery of liposomes and

entrapped drug to lymph nodes after subcutaneous and intraperitoneal, injection

and have determined cellular sites of localization. These studies have been

extended to antibody-bearing liposomes.

These strategies are being applied to problems in the therapy of cancer and AIDS.

I With respect to AIDS, we have formulated liposomes containing anti-viral drugs

I
(dideoxynucleoside triphosphates) which do not ordinarily enter cells but which

! can be carried into monocyte/macrophages by the liposomes. Alternatively

I

antibody is attached to the liposomes by our previously developed methods for

delivery to targeted cell types.

I
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PHsao40(R«« 1/B4) a»a •14



ZOl CB 08335-13 LTB
m

Project Descripcion

Major Findings :

Our objectives are to investigate the use of Liposomes both in cell biology and

in clinical therapy. Within this broad context, to (1) explore the use of

antigen-antibody interactions to achieve selective association of liposomes with

particular cell types; (2) develop synergistic interactions between
"temperature-sensitive" liposomal drug carriers and hyperthermic treatment; (3)

identify the mechanisms of spontaneous, serum-induced and osmot ical ly-induced

release of solutes from liposomes; (4) deliver liposomes and their contents to

tumor in lymph nodes — for nonspecific and antibody-mediated binding; (5)

target HIV-infected cells.

Objective I: (a) Bivalent antibody selectively binds TNP-bearing Liposomes to

TNP-bearing lymphocytes, but the binding does not increase delivery of liposome

contents to the cell interior (beyond Che amount internal i .'ed spontaneously).

(b) Endogenous surface IgA on cells of the murine myeloma MOPC 315 can bind

liposomes bearing the appropriate hapten (DNP) to the cell surface. However, as

in the lymphocyte system, binding does not increase df^livpr lo the cytoplasm.

(c) Lipid vesicles containing fluorescent molecules are poteuriallv useful as

markers for sparse or low-affinity cell surface determi nant s . They can be made

to contain many fluorophore molecules, thus amplifying the s-^^nai. They give

very low-nonspecific background since the fluorophore ; sequestered, and

appropriate lipids are not very "sticky". (d) Liposomes ir»^ -emoved from the

circulation ot a mouse much faster if the mouse carries a mye . oma secreting

antibody to a hapten on the liposomes. (e) Antibody-mediated binding of

methot rexate-containi ng vesicles to MOPC 315 and TEPC 15 myeloma cells did not

lead to entry of drug into the cells and inhibition of '-eir metabolism. (f)

IGG opsonized DNP-vesicles are bound in large numbers to F receptor-bearing
cells (murine P388D ), and are then endocytosed. Li posome-encapsulated MTX can

escape the pagol ysosomal system to reach a cytoplasmic target (dihydrof olate
reductase) and affect Che physiology of Che cell. (g) IgG, procein A, avidin,

and ocher Ligands can be coupled efficiently to liposomes by use of the

heCerobifunctional cross-linking agent N-hydroxysuccinimidyl 3-(2-pyridyldi thio

)

propinate. This method of coupling results in only minimal aggregation and
lictle leakage of vesicle contents. Liposomes bearing covalently coupled mouse
monoclonal antibody against human a -microglobulin bind specifically to human
cells, but noc Co mouse cells. (h) Liposomes bearing ancibody direcced againsc
Che class I hiscocompacibilicy antigen H-2K seleccively kill class I-bearing
cells. Work wich such liposomes and wich immunocoxins has led us Co a new cell

biological hypochesis, Che "neuCral bypass" (see also projecc no. ZOl CB
08367-03 LTB).

ObjecCive 2: (a) Small uniamellar vesicles of 3:1 dipalmi toylphosphat

i

dylchol i ne
- distearoylphosphacidy Ichol ine release Cheir conCenCs very slowly at 37 C, much
faster at 41 - 46 C. Such "temperature-sensitive" liposomes appear useful in

achieving high drug concentrations selectively in local areas of hyperthermic
treatment, for example, in the treatment of tumors. (b) The temperature-
dependence of the release can be enhanced by increasing the rate of temperature
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change, by usine; muLcilamel lar vesicles in place of Che unilamellar ones, and

most markedly, by the presence ot serum in the medium. Ratios of greater than

100:1 can be obtained for release (of a fluorescent marker) at 43 and 37 . (c)

The effect of serum is largely due to interaction of serum lipoproteins (VLDL,

IDL, LDL, and HDL) with the liposomes, (d) Four times as much methotrexate was
'

delivered to subcutaneous Lewis lung tumors heated to 42 as to unheated

controls in the same animals at 36 ; with L1210 tumor the ratio was 14:1. (e)

Growth of Che L1210 tumors was delayed by such treatment more than could be

accounted for by Che separace et feces of heating and liposomal drug administered

separately. (f) Large unilamellar vesicles are stable below T but release

their concencs wichin a few seconds upon passage Chrough T wich serum.

Objective 3: (a) Release of carboxyf luorescein from small unilamellar vesicles

takes place by "leakage", not by an all-or-nothing "rupture" of the vesicle.

(b) The rate consCant for leakage increases in inverse proporcion Co che

hydrogen ion concentration of the medium. (c) Liposomes of dioleoyl lecithin

leak Cheir contents and form structures with a characterise i c appearance in

negative-staining electron microscopy when allowed Co interact wiih HDL or LDL.

The interaction is faster and more pronounced with isolated HDL apol ipoprotein

than with the whole lipoprotein particle. (d) Liposomes bearing the DNP-hapten

can be made to release carboxyf luorescein in Che presence of complement and IGG

anti-TNP. Fluorescence self-quenching provides che most sensitive technique

available for continousLy monicoring such processes.

Objeccive 4: (a) Liposomes can pass intacc (and wichouC release of concencs)

from che periconeum Co Che bloodsCream. This finding relates to che possible

clinical inscillacion of liposomes incrapericoneal
1
y . (b) Passage from

peritoneum to blood takes place largely through the lymphatics. (c) After

subcutaneous injection, liposomes pass to regional nodes and then to che

bloodsCream. (d) The only lymph node cells which cake up significanc amouncs of

unmodified liposomes are che macrophages. (e) Some, but not all cellular

antigens in the lymph nodes can be targeced by ancibody-bearing liposomes.

Objeccive 5: (a) Liposomes conCaining dideoxycyc idine criphosphace were

formulaced and characcerized for leakage race, size discribucion , and

composicion. (b) The liposomes were found Co inhibic HIV-1 replicacion in

culcured monocyce/macrophages as pocencly as did free drug. (c) Piloc studies

of i.v. injeccion inco mice wich BM5 viral infection were conducCed wich H.

Morse, NIAID. (d) Murine IgGz was corralencly bound Co Che liposomes and found

Co increase cheir uptake by monocyte/macrophages.

Publications !

Quill H, Carlson L, Fox BS, WeinsCein JN, and SchwarCz, RH . Opcimization of

ancigen presenCacion Co T cell hybridomas by purified la molecules in planar

membranes: la molecule polymorphism decermines che ancigenic fine specificicy of

Che response Co cycochrome c pepcides. J. Immunol. Mechods, 1987;98:29-41.

Barbec J, Black CDV, Holcon OD III, WeinsCein JN. Specific coxicicy Co

accivaced T and B lymphocyCes of a ricin A immunoCoxin direcced againsc Che
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class I MHC antigen H-2 K. J. Antibody, Immunoconjugates and
Radiopharmaceut Lcais 1988;!: 169-180.

Mitchell MS, Weinstein JN. Biotechnology products in cancer therapy. Cancer
Research 1988;47:223-225.
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SUMMARY OF WORK (U3m stutava unrMucaa typm. Do not SZCMO me mmc* pnj*iO»)l.)

Statistical mechanical algorithms (HAL, HALF, HALCO) were devised for evaluating

amphipathic helical structures and more general structure-function relationships

in proteins and peptides. These computational approaches are being used to

define issues of structure and possible immunogenicity with respect to HLA

antigens and to the envelope polyprotein of HIV.

Also developed was a new joint prediction approach to protein secondary

structure. The method combines neural network, information theory, sequence

homology, hydrophobici ty , loop potential, and amphipathicity criteria (including

HAL). We have applied it to structure predictions on the human and bovine folate

binding proteins, which are important in the cellular handling of folates and

antitumor drugs such as methotrexate.

Quantitative structure/activity relationship (QSAR) studies are being done on a

set of 20 inhibitors of nucleoside transport into cells. In parallel, a

molecular mechanics study is being done on analogues of the unusual nucleoside

transport inhibitor dipyridamole. Our group has found that dipyridamole (and at

least one other nucleoside transport inhibitor) potentiates the activity of

azidothymidine against HIV-1 replication in cultured monocyte/macrophages and

T-lymphocytes (see report ZOl CB 08392-01 LTB). Animal studies are in progress

and clinical trials are being planned, in parallel with continuing attempts to

understand the mechanisms of action and molecular structure/ funct ion

relat ionshi ps

.
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Project Description ;

Major Findings:

(1) Development of the HAL (Helical Amphipathici ty Locator) algorithm and
computer program set for analysis of st ructure/ function relationships m
proteins. Related packages further developed during the last year include HALF,
HALPSTAT, HALCOMP, COPHAL and HALCO. (12) Application of these programs to the

problem of finding T-cell antigentic peptides and othpr structural features of

the HIV envelope protein. (13) Predicted ^^ef'' dc-s have been synthesized and
have undergone physical chemical and immunological tesLing.

(2) Use of HAL to determine binding sites on pror.eins that interact wich
suramine. Analysis of the structure of suramine.

(3) Development of a new joit prediction approach to protein secondary
structure. The method combines neural network, information theory, sequence
homology, hydrophobicity , loop potential, and amphi pathici ty criteria (inciuding
HAL). We have applied it to structure predictions on the human and bovint^

folate binding proteins, which are important in the cellular handling of folai^'^

and antitumor drugs such as methotrexate.

(4) Quantitative structure - activity study of certain synthetic nucleotide
inhibitors of nucleotide transport in animal cells.

(5) Conformational snslysis of DPM and related analogs using the MM2(87)
molecular mechanics package.

Publ icat ions :

Quill H, Carlson L, Fox BS , Weinstein JN, Schwartz, RH . Optimization of antigen
presentation to T cell hybridomas by purified la molecules in planar membranes:
la molecule polymorphism determines the antigenic fine specificity of the
response to cytochrome-c peptides. J Immunol Methods 1987;98:29-41.
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SUMMARY OF WORK (Usm itvxitrl unncucaa fyp». Do not txcaaC T» soact orD»iO»aj

We have defined a new approach to the use of monoclonal antibodies for

diagnosis and therapy of tumor in lymph nodes: delivery to the nodes via

lymphatic vessels after subcutaneous injection. To establish a firm

pharmacokinetic basis for this approach, we first studied antibodies to normal

cell types in the mouse Lymph node. In vitro binding characteristics were

combined with in vi.vo pharmacological parameters to develop a quantitative
understanding of the delivery process using the SAAM computer modeling system.
Armed with that background information, we then demonstrated and analyzed
specific uptake in lymph node metastases of a guinea pig tumor. The approach was

extended to include endoscopic techniques for reaching lymph node groups not

accessible by subcutaneous injection. Imaging studies were followed up with
attempts at therapy. For diagnosis of early metastatic tumor in the nodes, the

lymphatic route can provide higher sensitivity, lower background, lower systemic
toxicity, and faster localization than the intravenous route. It will also
minimize the problem of cross-reactivity with antigen present on normal tissues.
This technique has been applied to detection of lymph node metastases in clinical
stage II malignant melanoma and cutaneous T-cell lymphoma (CTCL) (with very good
results). Similar protocols have been approved for breast carcinoma, small cell
lung carcinoma, and non-small cell lung carcinoma. Our studies of CTCL produced
the most efficient antigen-specific imaging yet achieved in humans by any
technique. The longer term aim is to understand the pharmacology of monoclonal
intibodies and other ligands in order to develop criteria for rational molecular
design of biological antitumor agents. This work on "immunolymphoscint igraphy"
has been followed up clinically by others, who recently published encouraging
results on diagnosis of axillary metastases of breast cancer.

This project was inactive in 1988-9 except for writing and publications.

PHS 9040 (Ra* i/a«)

649

s»e II I'^i*



ZOl CB 08359-08 LTB

Project Description :

Major Findings :

(i) Establish a quantitative basis (experimental and theoretical) for Lymphatic
delivery of monoclonal antibody to lymph nodes; (ii) Use that information for
optimization of diagnostic imaging of animal tumors; (iii) Treat the tumors with
radio-labeled and/or toxin-Labeled antibodies (using experimental parameters
obtained from the diagnostic studies); (iv) Extend the principles of lymphatic
immunod lagnos i. s and immunotherapy to the clinical setting; (v) Extend our
theoretical and experimental models to the intravenous administration of

monoclonals; (vl) Apply the lymphatic approach to detection of Lymph node
metastases of malignant melanoma, breast carcinoma, lymphoma, non-small cell
lung carcinoma, and other malignancies; (vii) Extend the lymphatic deli-/ery of

monoclonal antibodies to therapeutic modalities; (viii) Investigate the
lymphatic pharmacology of immunization and toleragenesis

.

Antibodies directed against normal cells:

(1) Antibodies against normal cell types (in the mouse and guinea pig) can be

delivered with high efficiency from subcutaneous injection sices to regional
lymph nodes. The normal nodes can be imaged with the gamma camera if the
antibodies are radiolabeled with 1-125 or 1-131. (2) Injections can be made so

as to label all cells of the target population in the node. (3) Pharmacokinetic
experiments and modeling indicate that correct choice ot dose, volume,
osmolarity, and site of injection are all important if efficiency of the imaging
technique is to be maximized. These findings suggest clinical use of antibodies
against normal lymphoid cells as an alternative to colloid lymphoscintigraphy
for diagnostic imaging of lymph nodes.

Antibodies directed against tumor cells:

(1) Antitumor antibodies can be delivered with high efficiency from subcutaneous
injection sites to regional lymph nodes (in the guinea pig). (2) Early
metastatic tumor in the lymph nodes is selectively labeled with the antibody,
and gamma camera images of the tumor deposits can be obtained. (3) The smallest
amounts of tumor imaged in this way are about 3 mg (much smaller than has been
detected by i.v. monoclonal antibodies or other non-invasive methods of
detection). (3) The double-label experimental design developed for animal
studies is appropriate for use in clinical trials of lymphatic delivery of
monoclonal antibodies. (4) Antibodies against normal lymphoid cells can be used
in tandem with antibodies against tumor. The former indicates gross
characteristics of the node and/or its immunological status; the latter detects
metastatic tumor with high sensitivity. (5) Subcutaneous injections of TlOl
antibody m patients with cutaneous T-cell lymphoma (in collaboration with the
Clinical Center Nuclear Medicine Department, NIH/Naval Medical Oncology Branch,
and others) produced the most efficient, antigen-specific imaging yet achieved
in human subjects. (6) Extension of the lymphatic technique to reach node
groups inaccessible from subcutaneous injection sites.

650



ZOl CB 08359-08 LTB

In particular, antibodies injected via a bronchoscope into peri-bronchial tissue

Labeled the pulmonary lymph nodes efficiently and selectively in experimental
animals. The technique is being incorporated into protocols for human lung

cancer. (7) Development of kinetic models for the pharmacology of monoclonal
antibodies in animals (see Report No. 4) and humans; (8) Selective depletion of

B-lymphocyter from regional lymph nodes of mice injected with conjugates of an

alpha emitter (Bi-212) and an [gG reactive with murine B-cells. This was the

first demonstration of selective cell killing in vivo with at alpha
emitter/antibody conjugate.

Publ icat ions :

Weinstein JN, Eger RR , Covell DG , Black CDV, Mulshine J, Carrasqui. I lo JA, Larson

SM, .Keenan AM. The pharmacology of monoclonal antibodies. Annals NY Acad Sci,

i987;507:199-210.

Black CDV, Atcher RW, Barbet J, Brechbiel MW, Holton OD III, Hines J J , Gansow
OA, Weinstein JN. Selective ablation of 3 lymphocytes in vivo by an alpha

emitter, bismuth-212, chelated to a monoclonal antibody. J. Antibody,
Immunocon jugates and Radiopharmaceuticals, 1988;1:43-53.

Black CDV, Kroczek RA, Barbet J, Weinstein JN, Shevach EM. Induction of IL-2

receptor expression in vivo: Response to concanavalin A. Cellular Immunol.,
1988;111:420-432.

Weinstein JN. Immunolymphoscintigraphy and other regional applications of

monoclonal antibodies In: Zalutsky M ed. Antibodies in Radiodiagnosis and

Therapy, Boca Raton, FL: CRC Press, 1988 ; 153-167

.

Kroczek RA, Black CDV, Barbet J, Shevach EM. Induction of IL-2 expression in

VIVO. Response to allogeneic cells. Transplantation, 1988, in press.

Kroczek RA, Black CDV, Barbet J, Shevach EM. Mechanism of action of Cyclosporin
A in vivo 1 Cyclosporin A fails to inhibit T Lymphocyte activation in response
to alloantigens , J of Immunology, 1988, in press.

Weinstein JN. Antibody lymphoscintigraphy. In: Goldenberg DM, .ed. Cancer
imaging with radiolabeled antibodies, in press.
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SUMMARY OF WORK (Usm ttuxlmra unraoucaa ryp*. Oo not ttcaaC tt* loac* prxnota.)

The primary goal of this project is to develop methods to predict structures of

membrane proteins from their sequences and available experimental data and to use

these methods to develop structural models of specific membrane proteins. The

simplest structures we have been analyzing are a series of peptides (melittin,

lysin, magainin, PGLa, and pardaxin) that form amphipathic a helices that

aggregate in different ways dependent upon the environment surrounding the

peptide. These studies involve combining computer graphics techniques with

energy calculations by the program CHARMM. To test these methods we developed a

model of the crystal structure of 5 lysin. This peptide has been crystalized and

the unit cell dimensions have been determined; however, its precise structure is

not yet known. Magainin and PGLa are potent antimicrobial peptides found in

Xenopous skin. The antimicrobial activity of these peptides and their ability to

permeablize lipid vesicles and lyse cells is much greater when both peptides are

present. We developed structural models of how magainin and PGLa can self

aggregate and aggregate with each other in order to understand the molecular

basis for this synergistic effect.

We have also continued to develop structural models of larger integral membrane

proteins. The protein famLlLes that we are currently analyzing are

transmitter-activated channels (nicotinic acetylcholine, GABA^, and glycine

receptors), voltage activated channels (sodium, calcium, and potassium channels),

receptors that activate G proteins (adrenergic, muscarinic acetylcholine,

sericonin, dopamine, substance K, and opsin receptors), and gap junction

channel s

.
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Project Description :

Major Findings :

It is important to test new methods of predicting protein structure in a manner
that cannot be biased by knowing the structure. We developed a model of 5 lysin
and how it aggregates in the crystal as a test of our methods for combining
computer graphic procedures with energy minimization methods. This peptide has
been crystallized but the crystal structure has not yet been determined.

The type of synergistic effects on membranes or microbe's caused by magainin and
PGLa has not been previously observed for peptides. The models we have
developed for how these peptides aggregrate with themselv-es and with each other
in membranes explains why some sequential changes in ma»J3inin potentiate che

magainin antimicrobial effect but prevent the synergistir effect whereas other
changes inhibit the antimicrobial effect but potentiate the antimicrobial
effect. We are collaborating with Michael Zaslotf's group to test additional
aspects of the model.

Proteins that act by activating G-proteins are perhaps the largest superfami
1

y

of membrane proteins involved in transduction of signals. Craig Ventor's ^.roup

has determined several sequences for proteins in this superfamily are pert-orming

mutagenesis experiments on these proteins. We are collaborating with them lo

develop structural models of several proteins within this superfamily. We have
tentative models of Che positions and orientation of transmembrane a helices and
are working t > make the models more precise.

We have continued our work on transmitter-activated and voltage-activated
channels. Our original model ot Che sodium channel has been modified slightly
on the basis of new sequences and has been extended to include potassium and
calcium channels. We have developed a new model for the transmitter activated
channel s

.

Sequences have been determined recently for several gap junction channel
proteins. We have developed a tentative model of the transmembrane region of

these channels that is consistent with the X-ray diffraction and electron
microscopy studies that have been performed on these proteins.

Much of our recent work on large integral membrane proteins is based in part on
information obtained by comparing homologous sequences. We are developing more
quantitative methods of using this information in model building and have
demonstrated that the concepts we used in modeling membrane proteins are valid
for soluble globin proteins for which the structure is known.

Publications :

Guy HR. Models of voltage- and transmitter-activated channels based on their
amino acid sequences. In: Pasternak CA. (Ed) Monovalent Cations in Biological
Systems. CRC Press, in press.
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Guy HR, RaghunaChan G. Structural models for membrane insertion and channel
formation by antiparailel a helical membrane peptides. In: Pullman A, Jortner
,J, Pullman, B. (Eds) Transport Through Membranes: Carriers, Channels, and Pumps.
Jerusalem Symposium on Quantum and Biochemistry, 1989;21:369-379.

Guy HR, Raghunathan G. Structural models of alpha helical membrane peptides and
the GABA receptor channel. In: Computer-Assisted Modeling of Receptor-ligand
Interactions: Theoretical Aspects and Applications to Drug Design. Alan R.
Liss, Inc., 1989;231-243.

Guy HR. Molecular models tor voltage activated channels. Proceedings of
International Conference on: Molecular and Cellular Mechanisms of Antiarrhythmic
Agents. In press.

Guy HR. A model relating the sodium channel's structure co its function. In:
Agnew W, Sigworth F, Claudio T. (Eds) Molecular Biology of Ion Channels.
Current Topics in Membrane Transport, 1988;33:289-308

Williams WV, Guy HR, Rubin DH , Robey F, Myers JN, Ki eber-Emmons T, Weiner DB

,

Green MI. Sequence of the cell attachment site of reovirus type 3 and modeling
of its three-dimensional structure. Proc Natl Acad Sci USA 1988 ;85 : 6488-6A92

.

Williams WV, Guy HR, Weiner D, Rubin D, Green MI. Structure of the
neutralization epitope of the reovirus type-3 hemagglutinin. Vaccines
1988;88:25-28.

654



OCFARTMENT Of HEALTH AND HUMAN SERVICES • PU8IJC HEAtTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl CB 08365-07 LT3

1 PEfllOO COVEBEO

' October 1. 1988 to Seocember 30, L989 '

' TITLE Of PflOJECT (80 ct\anemn at tmaa. D9» imat m on anm itn» oanrMn fl>» oanan.)

Structural Prooerties ot T-cell Antigenic 3 .tes i

P9ir*CIP*L iNveSTKjATOR lUa offmt oro/taant parxtmmt Ottam mm Prnoot ifrmaagmtor } iNaint. OM. 'aoorarory. in<j mtmun tlfUimooni

Robert L. Jernigan, Ph.D. Theoretical Physical Chemist
.

LTB
,

NCI

Other Professional Personnel

Hanah Margalit, Ph.D. Visiting Associate

John L. Spouge, M.D., Ph.D. Visiting Associate

David G. CoveU, Ph.D Expert

LTB, NCI

LTB, MCI

LTB, NCI

COOPERATING UNITS iH myl

Jay A. Berzotsky, Metabolism Brancn, DC3D. NCI; James L. Cornette, Department

of Mathematics, Iowa State University, Charles DeLisi, Mount Sinai School

of Medicine.

Laboratory of Mathematical Biology

Office of the Chief

INSirrUTE ANO L0CATK3N
NCI, NIH, Bechesda, MD 20892

TOTAL MAN-YEARS.
1.0

PR0FESSK3NAL.
1.0

CHECX APPROPRIATE aOX<ES)

D (a) Human subjects C! (b) Human tissues & (c) Neither

D (al) Minors

n (a2) Interviews

SUMMARY OF WORK (Usm stanaajn unraoucaO ryp*. Oe not McoaO m* spact prcvKMOj

Intrinsic sequence features are important for T-cell recognition. T lymphocytes

(T cells) recognize only a small number of se'gments (antigenic sites) of a

foreign protein, and only when the segment is presented on the surrace of an

antigen presenting cell in association with a major histocompatibility (MHC)

molecule. Previously, by statistical methods we found properties ot the known

antigenic sites that distinguish them from the rest of the protein. The property

that was strongly correlated with T-cell antigenicity was a-helical

amphipaticity, and we developed a predicitive algorithm, based mainly on this

property. We are currently interested in studying the sequence features that

determine the MHC restriction. We hope to incorporate those properties into the

predictive algorithm, so that in addition to prediction of immunodominance it

will identify the MHC restriction of a peptide. The ability to better predict

T-cell sites from the primary sequence will be important for the design of

synthetic and recombinant vaccines. [See also report ZOl CB 04020-09 MET of Jay

A. Berzofsky, with whom this work is closely coordinated.]

Our approach has been to simulate the complex of antigen-MHC class II molecule,

based on the known structure and published coordinates of the class I molecule.

By repeating the analysis for all antigens that are restricted to a specific MHC,

we can look for consistent rules, and then test our hypothesis by simulating the

same antigens with other MHC types for which they are known not to be restricted.

Recently, we have also applied a new method, developed for protein folding

problems, to generate all possible conformations of an amino acid sequence in the

limited space of the binding region.
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Pro jecL Description :

Major Findings :

As derived earlier from studies of imniunodominani: sites in proteins, the

following properties correlate with a peptide being a T cell immunodominant

site: the ability to fold into an a-helix, the resulting helix being

amphipathic, having COOH-t ermi nal lysines, and not being segmentalLy
amphipathic. Variant peptide studies allow another type of statistical
evaluation, and preliminary results confirm the role ot a-helical amphi pathi c i ty
as a correlate of peptide antigenicity. In addition to t hp propprries that make

a site immunodominant, we are studying the sequence features thaL determine the

MHC restriction. For this analysis we use two approaches. Both ot them use the

known three dimensional structure of class I molecule to model t e structure of

class il molecule, using sequence alignment methods. The scruccurt- contains two

a helices with a B sheet floor, forming a cleft within wh 1 1 h ^ hf- peptide is

believed to interact with the MHC molecule. We are looking for the best

placement of the peptide in this cleft, trying to ident i I- y pept i de and MHC

residues that are crucial for the interaction. By the lirsr approach we model

the peptide as an a helix. There are many possible conformations for complexes
formed between the two a helices and an antigenic a helix. The likelihood of

each conformation is evaluated so that the most favorable ones can be

determined. By the second approach no specific structure is assumed for the

peptide but its structure is a result of the simulation. In the second approach
a set of points on a cubic lattice is used both to restrict the position of The

peptide to the binding region, as well as for the generation of all of its

conformations consistent with this constraint. One residue of the peptide is

tethered to the protein, in this case, based upon hydrophobic i ty patches of the

protein. The large MHC protein is taken to be rigid. Typically, a few million
conformations of the peptide are generated. Subsequently, the energies ot all

these conformations are evaluated in terms of residue-specific, pairwise contact

energies that favor non-bonded, hydrophobic interactions. The results give some
indication of the relative influence of the int ra-mo lecular peptide energy and

the inter-molecular binding energy. The simulations are done for each la type
and the data base of its known antigens separately. From these models, specific
sequence features that determine the MHC restriction can be studied and it is

hoped that . the properties determining immunodominance of antigenic sites can be

understood at a basic level. Understanding the biochemistry of these structures
will be valuable for the design of synthetic or recombinant vaccines.

Several schemes are now available for predicting immunodominant T cell sites:

these schemes have commercial importance as predictors of possible peptide
vaccines. A statistical evaluation of these schemes has three objectives: to

encourage the further collection of unbiased data, to determine the best scheme,
and to have a criterion by which to judge future schemes. Evaluation of

alternate schemes is in progress.
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Publ icacions :

Cornecte JL, MargaLit H, DeLisi. C, Berzofsky JA. ConcepCs and mechods in the
idenc if Lcacion of T cell epitopes and their use in the construction of synthetic
vaccines. Methods in Enzymolgy, in press.

MargaLit H, DeLisi C, Berzofsky JA. Computer predictions of T cell epitopes.
In: Woodrow GC, Levine MM, Eds. The Molecular Approach to New and Improved
Vaccines. New York: Marcel Dekker, in press.
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SUMMARY OF WORK (Us* itMtxlanl unmaucaO ryfm. Oo not aicaaa tfta sD*c» arovcatf.)

Before a monoclonal antibody (or other biological ligand) can label or kil. a

tumor cell, it must first reach that cell. For portions of a tumor far from the

nearest blood vessel or other source of antibody, access may be limited by the

rate at which the molecule can "percolate" through the extracellular space.

I

We are investigating the spatial and temporal profiles of immunoglobulin (Ig)

I distribution generated by diffusion and convection through tumors, taking into

! account the possibilities of (a) saturable specific binding to cells, (b)

i
nonsaturable, nonspecific binding, and (c) metabolic degradation.

j We first developed theoretical models that splice together the global

j
pharmacology and the microscopic percolation process. Significant predictions

thus far include the following: (I) The diffusion coefficient and/or hydraulic

conductivity may limit flux of antitumor Ig through tumors. (2) The flux of

non-binding control Ig is much less likely to be limited by diffusion or

convection. Nonspecific Ig's penetrate more deeply and more quickly into the

tumor. (3) Even with saturable binding (but not metabolism), the "C times T"

exposure of tumor cells to antibody will be the same throughout the mass. (4)

Metabolism will decrease the relative "C times T" exposure of cells farther from

the source. This may be a major barrier to effective treatment of solid tumors

with ligand molecules. (5) Most interesting, antibodies with low affinity may be
\

preferable at a given dose to those with high affinity for some therapeutic
i

applications. I

We plan to test predictions of the model using micrometas tases of human
j

I melanoma in nude mice. The distribution of antibody will be determined by I

j

fluorescence techniques and autoradiography. Concepts arising from this study ;

' are being applied to the design of clinical studies with monoclonal antibodies.

In addition to the investigations of immunoglobulin and other ligands (e.g.,

soluble CD4) as administered agents, we are considering the physiology of

endogenous molecular species including the lymphokines and growth factors.
I
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Project Description

Major Findings:

(1) For physiological Ly reasonable ranges of parameters, the diffusion

coefficient and/or hydraulic conductivity may Limit flux of antitumor antibodies
through tumors; (2) The flux of non-binding control antibody is much less Likely

to be limited by the rate of diffusion or convection through the tumor. Such

antibodies are predicted to penetrate more deeply and more quickly into the

tumor; (3) Ln the presence of saturable binding but not metabolism, Che "C times

T" exposure of tumor cells to antibody will be the same throughout Che mass.

However, the period of exposure will be later for cells farther from Che source

of ancibody; (4) Metabolism will decrease the relative CxT exposure of cells

farther from the source. This may be a major barrier to effective creacment of

solid tumors with ligand molecules; (5) Antibodies of low affinity may be

preferable to those of high affinity at a given dose for some purposes, e.g. in

therapy with alpha-emitting conjugates or toxin conjugates. (6) Quantitative,

but not qualitative, changes in predicted behavior are seen as the geometry

changes from Cartesian to cylindrical (for cords of tumor cells surrounding a

central blood vessel) to spherical (for flux into a nodule of cells); (7) the

characteristics for IgG, F(ab')2, and Fab can been compared; (8) Bivalent

binding can be simulated; (9) the global pharmacology can be integrated with the

percolation calculations; (10) the computer program package developed ("PERC")

is broadly capable of handling various ligands of differing vaience.

Publ icat ions :

Weinstein, JN. Immunolymphosc int igraphy and other regional applications of

monoclonal antibodies. In: Zalutsky M ed. Antibodies in Radiodiagnos is and

Therapy, Boca Raton, FL, CRC Press, 1988 ; 15 3-167

.

Weinstein JN, Eger RR, CoveU DG, Black CDV, Mulshine J, CarrasquiUo JA Larson

SM, Keenan AM. The pharmacology of monoclonal antibodies. Annals NY Acad Sci

1987;507:199-210.

Black CDV, Atcher RW, Barbet J, Brechbiel MW, Holton OD III, Hines JJ Gansow OA,

Weinstein JN. Selective ablation of B lymphocytes in vivo by an alpha emitter,
^^ ^bismuth, chelated to a monoclonal ancibody. J Antibody, Immunocon jugates and

Radiopharmaceuticals 1988; 1 : 43-53.

Fujimori K, Weinstein JN. Pharmacokinetics and organ targeting of monoclonal
antibodies. Advances in Immunopharmacology 1989;4:127-129.

Fujimori K, Covell DG, Fletcher JE, Weinstein JN. A modeling analysis of IgG,

F(ab')2, and Fab in tumors. Cancer Research, in press.

Weinstein JN. Antibody lymphoscintigraphy. In: Goldenberg DM, ed . Cancer

imaging with radiolabeled antibodies, in press.

Weinstein JN, Fujimori K. Antibody-mediated drug delivery. In: Poste, ed

.

Protein Design and the Development of New Therapeutics and Vaccines, in press.

Weinstein JN, Fujimori K. Predictive pharmacology of monoclonal antibodies.
Cancer Therapy: New Trends, in press. 659
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SUMMARY OF WORK (Us* siandfO unrmHucaO ryp» Do not ttcamd ffw iO*cm provatta.)

Following subcutaneous injection, radiolabeled monoclonal antibodies bind

efficiently to normal and tumor target cells in the lymph nodes (Project 'A ZOl C3

08359-03 LTB). This finding prompted us to attempt specific therapy using

monoclonal antibody conjugates.
An immunotoxin made from the A-chain of ricin coupled to an anti-mouse MHC

antibody has proved to be highly toxic for lymphoid cells and similar results

have been found with ricin A-chain conjugated to monoclonal antibodies against

subsets of mouse lymphocytes in vitro . We have also been able to augment the

effects of these toxins by the action of certain drugs which are known to affect

cell biological processes. These studies have led to a new hypotnesis for the

cell biological pathway (the "neutral bypass") by which toxin molecules enter the

cytoplasm from antibody conjugates t) kill a cell.

A further type of immunocon jugate for specific cell killing in vivo consists

of a radioactive compound chelated to an antibody. We have demonstrated

selective ablation of lymph node 8 lymphocytes in mice injected subcutaneously
! with an anti-murine B cell antibody labeled with the alpha particle emitter

; ^^^Bismuth. The relative potency of this conjugate for B cells in vivo was

10-fold higher than for T cells taken from the same nodes.

In order to assess the effects of antibodies and antibody conjugates in vivo ,

we have established two models of lymph node T cell activation. In one, the

stimulus is the plant lectin concanavalin A administered into the footpad; the

other stimulus is allogeneic cells. Both of these stimuli induce T cells to

express receptors for IL-2. The concanavalin A model is susceptible to the

inhibitory effects of cyclosporin A whereas the allogeneic model is not.

Inactive in 1988-9 except for writing and publications.
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Project Description :

Major Findings :

1): Covalent coupling of ricin A-chain to monoclonal antibodies with the SPDP
reagent has been obtained using 4 antibodies of different specificities. In each
case, there has been Little detectable loss of antibody affinity following the

coupling reaction. In addition, the ability of the A-chain of ricin to inhibit
protein synthesis at the ribosomal level is not significantly impaired.

2): Much of the initial work has been concerned with the monoclonal antibody D3

which recognizes the guinea pig hepatocarcinoma cell line LIO. We have been
unable to show any specific toxicity due to the D3-Ricin A-chain •:onjugate

against LIO cells in vitro despite the fact that the immunotoxin binds to these
cells with an affinity very similar to that of the native antibody and despite
the fact that the conjugate is still able to inhibit protein synthesis n an

acellular assay. Closer examination of L 10 cells showed that they lose some of

the antigen recognised by D3 when they are removed from the animal and put into
culture. In addition, fluorescence microscopy revealed that these cells are only
poorly able to internalize either D3 alone or the D3-ricin A-chain conjugate.
The antibody-antigen complex on these cells appear to be capped and then shed
into the medium. Such activity could well account for the low reactivity of the
D3-ricin A-chain immunotoxin.

3): Immunotoxins having specificities for mouse lymphocyte sub-populations have
also been prepared. These reagents have been tested to determine their
reactivities to target cells in vitro and have proved to be highly specific and
toxic to the appropriate cell type. Drugs which are known to affect
intracellular traffic ( eg: ammonium chloride, nigericin) have also been used to

augment the effects of these immunotoxins in vitro. These findings have led to

formulation of the "neutral bypass" hypothesis, i.e., the hypothesis that those
few molecules of ricin A which reach the cytoplasm to kill a cell do so via a

pathway that bypasses the acidified endocytic vesicles of the "classical"
receptor-mediated endocytosis pathway.

Some initial tests have been made in vivo to find out if the immunotoxins are
able to kill specific cells or sub-sets of cells in the lymph nodes. We have not
yet been able to show substantial cytotoxicity. However, experiments are
currently being performed to investigate the kinetics of cell killing in order to

optimize this system.

4): We have made an immonocon jugate by chelating the alpha particle emitter
Bismuth to a monoclonal antibody through isothiocyanatobenzyl-DTPA. One such

conjugate, based on an antibody directed against the murine B lymphocyte
determinant LYB8.2, was prepared and used to selectively ablate lymph node B

cells in the nodes draining the footpad injection site. At doses which ablated
almost all B cells, most of the T cells from the same node remained viable.
After treatment, the number of B cells in the node recovered to the pretreatment
levels over a period of 48 hours. Following intravenous injection of the same
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immunocon jugate, splenic lymDhocytes were also ablated although Che 3 cell

selectivity was not as high as that seen in the lymph nodes.

5): Immunocoxin experiments demonstrated that lymphocyte killing was much more
efficient when the cells were stimulated. In order to optimize immunotoxin
killing of lymphocytes invivo, we have developed two models of in vivo
lymphocyte stimulation. In the first, concanavalin A was injected subcutaneous ly

into the footpad. Almost all the lymphocytes from the Lymph nodes draining the

injection site rapidly expressed the receptor for [L-2 and spontaneously
proliferated within 9 hours. In the second model, injection ot allogeneic cells

caused a smaller number of lymph node lymphocytes to express the IL-2 receptor
and to proliferate spontaneously after two to three days. The models induced
both B and T cells to express the [L-2 receptor and there was very little
difference in receptor expression by either of the two main T cell subsets.
Cyclosporin A was able to prevent receptor induction by concanavalin A but not in

the allogeneic cell model.

6): Experiments to determine the biological distribution of the uncoupled
antibodies following administration via the lymphatic system are described in

another report (Project # ZOl CB08359-03 LTB). These experiments must precede
the in vivo use of immunocon jugates.

Publications ;

Weinstein JN. Immunolymphoscint igraphy and other regional applications of

monoclonal antibodies. In: Zalutsky M. ed. Antibodies in Radiodiagnosis and
Therapy, Boca Raton, FL, CRC Press, 1988; 153-167

.

Black CDV, Atcher RW, Barbet J. Brechbiel MW, Holton OD III, Hines JJ, Gansow OA,

Weinstein JN. Selective ablation of B lymphocytes in vivo by an alpha emitter,
bismuth, chelated to a monoclonal antibody. J. Antibody, Immunocon jugates and

Radiopharmaceut icals 1988; 1:43-53.
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Two areas of research continue to be pursued in the Image Processing

Section (Lipkin): development of analytic methods to analyze two dimensional

gels (Lemkin), and nucleic acid secondary structure studies (Shapiro). In the

first area, development of the GELLAB-II software system was continued, with

concentration on increasing the resolution, gel' image scanning, quantitation

accuracy, capabilities to annotate results and integration of a simplified

graphics windowing interface for users, and portability to X-windows based UNIX

systems. GELLAB has been used in collaborative studies on axonal proteins,

cadmium toxicity to cells, hematological malignancies and long term cell line

stability. The RNA secondary structure analysis system has expanded and new

algorithms develop to include more functionality for analyzing RNA conformations

from perspectives of secondary structure motifs and RNA tertiary structure, and

has been made available as a computer workbench to allow a researcher

interactively to pursue areas of interest concerning RNA structure. The Lll

operon of E. coli has been studied with respect to regulation effects of the LI

protein. Also, the structural effects of the translation efficiency of the lamB

gene of E. coli were studied.
The project on development of software for light microscope control has

been completed will be documented and made available to the public domain and

further work discontinued.
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Project Description :

Major Findings :

Image analysis. There are three area of research interest in the [mage
Processing Section (Lipkin): 1) development of methods for analysis two

dimensional gels (Lemkin), 2) nucleic acid secondary structure studies (Shapiro)
and 3) the hardware and .software support (SchuLtz).

Work on various aspects of the microscope control procedures has been brought to

a level where hardware and software specifications are sufficiently decailed to

provide users with the requisite platform on which to build various image
analysis and other microscope functions to meet individual research needs.
Bringing this information into the public domain coincides with the decision to

terminate the lease on the Park Building space. Therefore activity in area 3)

is brought to an end.

Continued development of CELLAB-II software system with concentration on

increasing: resolution, gel image scanning, quantitation accuracy, results
annotation capabilities and integration of a user graphics windowing interface.
A constant goal during this phase has been to simplify the user's role in

performing Che exploratory data analysis of a composite 2D gel database.
Additional software was written toward achieving this goal. A major part of the
effort has been in integrating the UNIX based GELLAB-II software with UNIX
workstation based X-windows interactive graphics for portability. A substantial
effort was made this year in documenting GELLAB-I F and in creating tutorials to

facilitate training new users.

Collaborative work has continued with the groups of Dr. P. Sonderegger
(U. Zurich) and Dr. E. Lester (U. Tennessee). GELLAB-II has been exported to

the University of Zurich. Additional work was required to create the export
version of GELLAB and to insure smooth updates ot exported versions of the
software. Our collaboration with Dr. Sonderegger using GELLAB has helped in

finding a secreted axonal protein AXONIN-I. Work is continuing in looking for
additional secreted axonal proteins. New collaborations were started within
Dr. Sonderegger ' 3 Department to analyze 20 gels for cadmium toxicity of
epithelial cells and a joint collaboration with Dr. Sonderegger and
Drs. A. Amberger and H. Bauer (Salzberg) on long term capillary cerebral
epithelial cell lines to aid in understanding the blood-brain barrier.
GELLAB-II is included in a course on computer methods in molecular biology
(T. Hale, Univ. of Zurich). Work with Dr. Lester of University Tennessee has
continued in analyzing sets of lymphocyte gels and long term cell lines from
human hematological malignancies to identify potential marker proteins for
possible microsequencing. At FCRF, we are using GELLAB-II in a collaboration
with Dr. M. Alley to help assess stability of long term cell lines in multiple
passages

.

Work on nucleic acid structure has continued in a variety of collaborations and
directions. The RNA secondary structure analysis system has expanded to include
more functionality for analyzing RNA conformations from various perspectives.
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This has involved the development of new algorithms to explore secondary

structure motifs and RNA tertiary structure. This has made avaiLable an

experimental computer workbench to allow a researcher to interactively pursue

various areas of interest concerning RNA structure in a coherent way. This

includes both the use of facilities to explore in detail multiple structures as

well as individual RNA structures. This system permits queries of relationships

that exist in the RNA secondary structure problem domain involving various

software/hardware complexes available at the FCRF.The system is currently being

ported to a SUN workstation thus allowing broader access. The system and new

algorithms have been used to study the Lll operon of E . coli with respect to

regulation effects of the LI protein. Also, the structural effects of the

translation efficiency of the lamB gene of E. coli was studied.
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A novel approach has been taken to the problem of protein folding that examines

the complete range of folded topologies accessible in the compact state of

globular proteins. The procedure is to generate all conformations, with volume

exclusion, upon a lattice in a space restricted to the individual protein's known

compact conformational space. This approach affords an enormous reduction in the

number of conformations that must be considered for the complete problem. Five

proteins have been treated using this method; avian pancreatic polypeptide (36

residues), crambin (46 residues), rubredoxin (52 residues), pancreatic trypsin

inhibitor (58 residues), and neurotoxin (62 residues). All conformations

generated are evaluated in terms of residue-specific, pairwise contact energies

that favor non-bonded, hydrophobic interactions. Native structures for these

proteins are always found within the best 3Z of all conformers generated.

Additional methods are being developed to further narrow the choice of the best

among the good conformers. One approach superimposes all atoms onto Che lattice,

and refines this structure with conventional molecular dynamics and energy

minimization. For the test case of one low energy lattice conformation for

crambin, an all-atom structure was built that was within 1.46 A RMS deviation

from the native crystal structure. These methods are simple and general and can

be used to determine most favorable overall packing arrangements for the folding

of specific amino acid sequences within a restricted space.

666
PHS 9040 (Rm 1/S4I ave •< 4^1 •



ZOl CB 08370-06 LTB

Project Descr i pc ion

Major Findings :

A principal goal of moLecuLar biology is Co underscand Che bases of moLecuLar
and bioLogical recognicion. An uLcimaCe goal for Cheory in this area remains
Che calculacion of favored macromolecular conf ormaC ions direcCly from Cheir
sequences. Alchough we occasionally utilize detailed acom-acom calculacions , we

feel the developmenc of higher order principles of molecular sCrucCare is

essential if we are to achieve a complete understanding of all of Che

complexicies of biological macromolecules chemselves, as well as cheir
inCeracCLons with other small molecules, other macromolecules and their assembly
into biological structures. This project is progress in rha' cirecrion.

We have collected statistics on globular proteins from ihpir X-ray structures,
counting the amino acid residues that are frequently found near one another in

the three dimensional structures. These were obtained in r he following way: a

lattice model is used in which each residue type has a coordination number. If

a specific residue has an incompletely filled coordination shell, then it is

assumed to be filled with equivalent water molecules. These contact energies
follow intuition, with the most favorably interacting pairs being hydrophobic
residues. This type of energy has a direct bearing on folding and substantially
reflects the effects of water on folding. There is a segregation of hydrophobic
and hydrophilic residues. These values reflect the actual situation inside
proteins and provide a tool that can be applied to a variety of problems and, in

the problem at hand, can be used to assess the relative overall quality of

different conformations.

The present example of generating all possible compact conformations on dense
lattices indicates that it should be possible to generate all compact
conformations of any small protein, with one lattice point per amino acid.

Subsequent addition ot the complete atomic details then permits detailed
examination of local packing arrangements that favor interactions of side-chains
within the protein's interior. By using this relatively coarse-grained approach
for examining conformational space and by adding atomic details onto this model,
it should become possible to examine the role of amino acid sequence on

three-dimensional structure. We have begun additional studies to use simulated
annealing to achieve conformational transitions in order to develop approximate
methods for larger proteins.

Publications ;

Covell DG, Jernigan RL. Lattice Models of Globular Proteins. Correlations
Between Sites. Fourth International Conference on Supercomputers, Santa Clara,
1989;11:357-360.

Jernigan RL, Margalit H, Covell DG. Coarse graining conformations: A peptide
binding example. In press: Theoretical Biochemistry and Molecular Biology; A

Computational Approach, Adenine Press, Schenectedy, New York, 1989.
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Jernigan R, Davies D, Scheraga H. Exper imencal and theoretical protein folding.
J. BiomoL. Str. and Dyn . , in press.
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Conformational analysis of DNA shows that the origin of the B-form double helix

can be substantially attributed to the atomic charge pattern in the base pairs.

The pattern favors specific helical stacking of the various base pairs. The base

pairs alone, without the sugar-phospate backbone have a strong tendency to be

helical. The backbone appears to play a relatively passive role in determining

Che helix form of DNA. Both electrostatic and van der Waals interactions play a

role, but electrostatic interactions are particularly important in A-form DNA.

Sequence studies of bases flanking homooligomer tracts indicate that there are

strong biases: usually preferred are bases complementary or identical to the run.

A or T runs are preferentially flanked by A's or T's whereas G or C runs are

preferentially flanked by G's or C's.
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Projecc Description :

Major Findings:

We have studied the sequence dependence of DNA conformational transition between
B- and A-forms. The role of intramoLecular interactions between base pairs,
without backbone, has been examined for the conformational transition between 3-

and A-form helices. The base pairs themselves usually have intrinsic
conformational preferences for B- or A-form. Calculation of all ten possible
base steps shows that the base combinations, CC (or GG ) , GC, AT, and TA, have
tendencies to assume A-conf ormat ion. Results show that it is particularly easy
to slide along the long axis of the base pair for these steps, with AT and CC
showing especially flat energies. However, a preference for 3- or
A-conf ormat ion depends on the electrostatic energy parameters, in particular, on
dielectric and shielding constants; A conformation is preferred for low
dielectric constant or low shielding. Both A and B conformations are stabilized
mainly by electrostatic interactions between favorably juxtaposed atomic charges
on base pairs. However B conformation generally has more favorable van der
Waals interactions than A form. These sequence- dppendent conformational
preference and environmental effects show substantial agreement with
experimental observations.

Also, we have studied the sequence dependence of flexibility and its anisotropy
along various conformational variables of DNA base pairs. Our results show the
AT base step to be very flexible along twist coordinate. On the other hand,
homonucleot ide steps, GG(CC) and AA(TT), are among the most rigid base steps.
For a roll motion that would correspond to a bend, the TA step is most flexible,
while the GG(CC) step is least flexible. The flexibility of roll is quite
anisotropic; the ratio of fluctuations toward the major and minor grooves is the
largest for the GC step and the smallest for the AA(TT) and CG steps. Propeller
twisting ot base pairs is quite flexible, especially of A*T base pairs;
propeller twist can reach 19 by thermal fluctuation.

Publ icat ions :

Sarai A, Mazur J, Nussinov R, Jernigan RL. Origin of DNA helical structure and
its sequence dependence. Biochemistry 1988 ; 27 :8A98-8502

.

Jernigan RL, Sarai A, Covell DC, Mazur J. Exhaustive enumeration and evaluation
of feasible conformations for double helix DNA and for folded proteins.
International Conference on Supercomputers, Boston, 1988;1:197-200.

Nussinov R, Sarai A, Smythers GW, Jernigan RL. Sequence context of oligomer
tracts in eukaryotic DNA: Biological and conformational implications. J Biomol
Str Dyn 1988;6:543-562.

Mazur J, Sarai A, Jernigan RL. Sequence dependence of the B-A conformational
transition of DNA. Biopolymers, in press.
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Sarai A, Mazur J, Nussinov R, Jernigan RL. Sequence dependence of DNA

conf ormat ionaL flexibility. Biochemistry, in press.

Nussinov R, Sarai A, Smythers GW, Jernigan RL. Distinct patterns in

homooLigomer tract sequence context in prokaryocic and eukaryotic DNA. BBA, in

press

.
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SUMMARY OF WORK (Usa stanaara unmaucaa rypa. Jo not axcaaa ma spaca pmviaaa.l

We used the acrosome reaction of boar sperm cells to study the dynamics of surface
transmembrane glycoproteins (TMG) during secretion. The acrosome reaction is the

I

Ca^'^-dependent fusion of a large cytoplasmic vesicle (the acrosome) with the

i
overlaying segment of the plasma membrane (acrosomal cap) that leads to the release
of the acrosomal enzymes. We followed the acrosome reaction by freeze—fracture
electron microscopy, in particular the topographical rearrangement of a population

I

of acrosomal-cap intramembrane particles that we showed before to correspond to

I

transmembrane lectin (wheat germ agglutinin) -binding proteins (Aguas & Pinto da
Silva, J. Cell. Biol., 97:1356). We found that these TMG move in the direction of
either one of two opposite poles, proximal and distal, of the cap. This bimodal
movement of Che TMG reorganizes the acrosomal cap into three domains: the first
two, the apical rim and the equator, are membrane domains where the integral
proteins are directed to, accumulated, and form small aggregates; the third,
comprises the extensive in-between area from where TMG were displaced. The
topography of Che new membrane domains of the acrosomal cap is now coincident with
that of the unaltered domains of the acrosomal membrane underneath. The mirroring
of the acrosomal membrane by the plasma membrane is followed by fusion between the
two membranes, formation of a labyrinth of tubules, and exocytosis of the acrosomal
contents through intertubular fenestrae.
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PROJECT DESCRIPTION
Major Findings :

To fertilize the egg, the sperm cell must penetrate the cell layer (cumulus
oophorus) and the glycoprotein coat (zona pellucida) of the oocyte (Bedford &

Cooper, 1978; Wassarman, 1987). Removal of these egg vestments is obtained
upon activation of lytic enzymes released by the acrosome, a large vesicle of

the sperm head (Harrison, 1983; Eddy, 1988). Apposition, fusion and fission of

plasma and acrosomal membranes of the sperm cell constitute the acrosomal
reaction, the secretory event necessary for fertilization to occur: the

phenomenon makes the oocyte's surface accessible to sperm penetration. We used
the acrosome reaction in boar sperm to investigate the dynamics of the surface
transmembrane glycoproteins during Ca^"^—triggered secretion. Our previous
fracture—label studies showed that transmembrane glycoproteins (TMG) of the

sperm head are represented in conventional freeze—fracture replicas by the

large, tall intramembrane particles (IMP) seen on plasma—membrane protoplasmic
faces (Aguas & Pinto da Silva, 1983). Therefore, we studied the Ca^*-induced
movement of these IMP to follow the dynamics of TMG during secretion.

The acrosome reaction was induced in spermatozoa according to the method of

Green (1978), as adapted for boar sperm by Russel and coworkers (1979). The

sperm samples were incubated at 37 °C in HBSS containing 2 mM CaClj and 10 ^M

A23187 ionophore (stock solution in DMSO) . Other samples were used as controls

of the calcium effect; they were incubated in the same medium in absence of

CaCLj (HBSS + A23187) . Sperm aliquots were also incubated in absence of the

ionophore (HBSS + CaCl2) . The reaction was arrested at 1 , 5, 10 and 60 minutes

by glutaraldehyde fixation (1.5% in HBSS, pH 7.4, for 60 min at 4°C) . The

percentage of sperm cells that underwent the acrosome reaction was evaluated by

Nomarski, phase and bright-field light microscopy. We showed that incubation
of boar spermatozoa in 2 mM Ca^"^, in presence of 10 /iM A23187 ionophore,

triggers a global displacement of the large IMP of the sperm—head plasma

membrane. Our "fracture-label" studies identified these sperm IMP as TMG that

bind the lectin wheat-germ agglutinin (WGA) (Aguas & Pinto da Silva, 1983).

Therefore, the lateral movement of large IMP reported here reflects transla-

tional displacements of TMG. We found that this translational displacement of

TMG involves migration over unusually large distances (up to 2 fim) , occurs with
1-5 minutes after Ca^'^ addition to the medium, and ends when the glycoproteins

are accumulated at two opposite poles (rim and equator) of the sperm—head

surface. As in absence of Ca^"^, the displacement of IMP does not occur, we

conclude that Ca^"*" is associated to the translational displacement of TMG in the

area of the sperm-head surface located over the acrosomal vesicle (acrosomal-

cap) . The new location of TMG leads to the bimodal (transmembrane protein-
rich/protein-poor) organization of the entire acrosomal cap into just three

large, new domains. The resulting topography of the Ca^*-induced domains on the

sperm plasma—membrane coincides with that of the stable, structural domains of

underlying outer acrosomal membrane.

Our results strengthen the evidence on the importance of WGA-binding glyco-

proteins of the sperm surface on the modulation of acrosome reaction. Previous

studies by Vacquier's group (Lopo & Vacquier, 1980; Podell &. Vacquier, 1984;

Podell et al., 1984; Trimmer et al
.

, 1985) showed that WGA blocks the influx of

Ca^"^ in echinoderm sperm and, in consequence, the acrosome reaction. Biochemi-

cal characterization of the WGA receptors of sperm plasma membranes identified
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an integral 210 KD glycoprotein (Podell et al
.

, 1984). Antibodies against this

WGA—binding glycoprotein inhibit the Ca^* infliix and the acrosome reaction
(Trimmer ec al

.
, 1985; Trimmer et al

.
, 1987). Because the bimodal TMG dis-

placement occurs before any membrane fusion events, we postulate that the WGA—
binding TMG, on changing their planar topology, may be involved in the forma-
tion and/or activation of the sperm—surface Ca^'^-channels as required for the
acrosome reaction to occur. The inhibitory effects of both WGA and specific
antibodies on the acrosome reaction would, therefore, be a consequence of the
restricted mobility of the TMG upon crosslinking by the ligands.

Publications :

Aguas A, and Pinto da Silva P. Bi-modal re—distribution of surface trans-
membrane glycoproteins during Ca^—dependent secretion (acrosome reaction) in
boar spermatozoa. J Cell Sci, In press.

Pinto da Silva P. A non—averaged view of biomembranes : The freeze—fracture
image. In Aloia R, Curtain C, and Gordon LM eds . Advances in Membrane
Fluidity. Methods for Studying Membrane Fluidity. New York: Alan R. Liss

,

Inc. , 1988;1:147-160.

Pinto da Silva P. Geometric topology of membrane fusion: from secretion to

intercellular junctions. In: Ohki S, Doyle D, Flanagan TD, and Hui SW eds.

Molecular Mechanisms of Membrane Fusion. New York: Press, 1988 ; 521—529

.

Fujimoto K, and Pinto da Silva P. Apical views of the zonula occludens
revealed by freeze—fracture of toad bladder epithelia, Submitted for publica-
tion.

674



DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBUC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

701 CR 08-^ 76-05 LTB
PERIOD COVERED

October 1. 1988 Co September 30. 1989
TITLE OF PROJECT ,30 cff»ncmra or laaa. n(*» must fit on on» ilnm o»(w—n m» oorxMfs.)

Fracture-label : Identification and Partition Tran<qnipmhranR Prni-p.in.q
PRINCIPAL INVESTIGATOR iLst omar omtassional parsonnai oatow ma PnnaoM invaaogaiar i iNawa. tiM. laooramty. ana inamum alfiUaoon\

P. Pinto da Silva Chief LTB NCI

COOPERATING UNITS (rf any)

Institute of General Pathology, Univ. of Rome School of Medicine, Rome, Italy (M.R.

Torrisi, A. Pavan, P. Mancini, L. Fraci)

LAS/BRANCH

Laboratory of Mathematical Biology
I

SECTION

Membrane Biology Section
INSTITUTE AND LOCATION

National Cancer Inscicute, Frederick Cancer Research Facility
TOTAL MAN-YEARS;

0.1

PR0FESSK3NAL

0.1
CHECX APPROPRIATE 80X(ES)

G (a) Human subjects G3 (b) Human tissues D (c) Neither

n (a1) Minors

G (a2) Interviews ^

SUMMARY OF WORK lUsa stanaara unraeucaa r/pa. Do not axcaaa ma soaca pnjvioee.)

We used fracture label to examine the partition of the transmembrane proteins that
bear CD4 antigens in human lymphocytes. Experiments in both capped and uncapped
cells show that, on freeze—fracture , the antigens are preferentially labeled with
the inner (protoplasmic) halves of the membrane. This partition illustrates the
transmembrane attitude of the antigen molecules and is a probable consequence of
interaction of the protein with other components of the membrane or with the

cytoskeleton.
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PROJECT DESCRIPTION

Major Findings :

The CD4 antigens expressed on the surface of human T lymphocytes are
transmembrane glycoproteins whose sequence and peptide chain topology is now
established. The CD4 antigen characterizes a subset of T cells and appears to
function as a recognition site for class II HLA antigens and to be a part of
the receptor for HIV. We have previously shown that with "Fracture-label" (a
method developed in our laboratory) it is possible to study the partition of
transmembrane proteins in freeze-fractured cells. In this method, fixed cells
in suspension are included into a cross-linked protein matrix, glycerinated,
and freeze-fractured by repeated crushing in lipid nitrogen. The fractured
specimens are thawed, de-glycerinated and then labeled. We used human
peripheral lymphocytes embedded in 30% BSA cross-linked by glutaraldehyde . For
our experiments, we used lymphocytes where CD4 antigens remained in its native
distribution or were induced to cluster and, eventually, cap by incubation in
0KT4 monoclonal antibodies (1 hr at 4°C) followed by incubation with anti-mouse
IgG-FITC. The resulting "gel" was sliced, cryoprotected in 30% glycerol and
rapidly frozen in LN2- The frozen gels were fractured in liquid nitrogen with
a pre-cooled glass pestle, and thawed in 1% glutaraldehyde. To analyze the
partition of CD4 antigens, we immunolabeled freeze-fractured lymphocytes with
monoclonal antibody 0KT4 and colloidal gold - protein A. We observed that,
whereas labeling over protoplasmic halves of the plasma membrane was moderate,
exoplasmic halves remained virtually unlabeled. Next, we analyzed the
partition on fracture of CD4 antigens in cells where we induced clustering of
the antigens before fixation and fracture. In those specimens, CD4 antigens
were also confined to the protoplasmic halves of plasma membranes but with the
colloidal gold now clustered. The preferential partition of CD4 antigens with
the protoplasmic fracture-face indicates that the transmembrane protein
expressing the CD4 antigen, despite its short cytosolic tail, may interact with
other membrane components or with components of the cytoskeleton. This
behavior is retained even in capped cells. The study of capping of -004/004
antigens is now being continued by fracture-flip methods.

Publications :

Pavan A, Mancini P, Frati L, Torrisi MR, and Pinto da Silva P. Molecular
cytochemistry of CD3 and CD4 antigens in human lymphocytes as studied by label-
fracture and by fracture-label. Biochim Biophys Acta 1989;978:158-168.

Pinto da Silva P. Freeze-fracture images: 1967-1971. In: Hui SW ed.
Freeze-fracture Studies of Membranes. Boca Raton: CRC Press Inc., In press.

Torrisi MR, Mancini P, and Pinto da Silva P. Cytochemical access to plasma and
intracellular membranes of freeze-fractured hepatocytes and salivary gland
cells. In: Motta P ed. Ultras true tural Pathology. Italy, In press.

Torrisi MR, Pavan A, and Pinto da Silva P. Freeze-fracture cytochemistry of
transmembrane proteins in human lymphocytes. EEO J Immunol Immunopharm
1988;8:121-123.
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We have examined the roLe of myoglobin to facilitate oxygen diffusion to active

mitochondria in skeletal muscle by constructing computer simulation experiments.

Steady state mitochondrial oxygen consumption under different conditions of

supply POz's in a system with and without myoglobin were examined for a

one-dimensional slab of tissue. Oxygen consumption by mitochondria was saturable

with the mitochondria located in bands at uniform intervals throughout the

tissue. 'Jnder these conditions, myoglobin provides a measurable increase in

oxygen transport for supply PO2 ' s below 10 torr and diffusion lengths expected

for skeletal muscle fibers. We conclude that only under circumstances where

hypoxia lowers PO2 below 10 torr does myoglobin begin to provide a measurable

increase in oxygen delivery to mitochondria.
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Project Description

Major Findings:

When examined for a mathematical model that is more consistent with muscle
histology, that is, where bands of oxygen consumption ara spaced at am form
intervals throughout the tissue, the role of myoglobin becomes clearer. Under
these conditions myoglobin provides a measurable increase in oxygen transport
for PO2 ' s below 10 torr at the surface and for diffusion Lengths expected for

skeletal muscle fibers. These results a) illustrate the importance of myoglobin
for oxygen delivery to active skeletal muscle during conditions of hypoxia, and
b) define conditions where oxygen delivery via free or myogLobin-f aci 1 i tated
diffusion begins Co Limit the normal function of tissue. This information is

important for understanding the role of oxygen supply in the growth and
development of normal and tumor tissues and for designing therapeutic strategies
for the treatment of tumors and of hypoxia-damaged tissues.

Publ icat ion s

:

Covell DC, Jacquez JA. Does myoglobin contribute sign 1 t leant ly to the diffusion
of oxygen in red skeletal muscle? American Journal of Physiology, 1987; 252

(Regulatory fntegrative Comp. Physiol. 21): R3A1-R-347.
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SUMMARY OF WORK lUsa stanava unraOucaO rypm. Oo not atcaac tna soaca pmvioaa.)

We used label-fracture and replica—staining label—fracture to investigate the

distribution and the dynamics of displacement of receptors on cell surfaces. Both
methods provide coincident images of the distribution of a surface receptor (labeled!

by colloidal gold immunocytochemistry) and of the architecture of the membrane
interior as exposed by freeze- fracture . With Drs . M. R. Torrisi and A. Pavan, we

continued the study of capping by CD3/CD4 and of HLA antigens. Immunogold labeling
shows that the process of capping involves initially the migration of all antigen
molecules into small clusters which then grow by accretion into longer patches and,

finally, a cap. No discernible changes are visible on the fracture faces of capping
cells. However, when the aggregation of intramembrane particles is induced,
immunogold labeling is confined to the particle aggregates. We proposed that
movement and congregation of receptor molecules into a cap is achieved with simul-
taneous emigration of other transmembrane proteins from the same area, in a process
of influx/efflux. In other studies (see Fracture-flip

,
project #Z01 CB 08387-02),

we used label- fracture and fracture-flip to define the surface density and pattern
of distribution of lectin receptor sites on the surfaces of the main developmental
stages of Trypanosoma, cruzi. Studies of the topochemistry of sea urchin sperm (S.

Ru-Long with Dr. D. Nishioka, Georgetown University) are now in progress to

investigate the distribution of specific proteins in several developmental stages of
the spermatozoon using monoclonal antibodies/protein 4—colloidal gold.
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PROJECT DESCRIPTION

Major Findings :

To investigate the native distribution and the dynamics of capping of CD3/CD4
and of HLA surface antigens, we used human peripheral lymphocytes isolated by
Ficoll/Hypaque density gradient centrifugation. The native distribution of HLA
antigens was assessed by treating lymphocytes with anti-HLA A,B,C (class I) or

anti-HLA Dr (class II) monoclonal antibodies followed by incubation with anti-
mouse IgG-FITC (for CD3/CD4 see "Fracture-label," ZOl CB 08376-04). Clustering
and capping of HLA antigens was induced by incubation in anti-HLA solutions (1

hr; 4°C) followed by anti-mouse IgG (FITC) (1 hr at 4°C, wash; then 3 to 20 min
at 37°C) . All cells were labeled with colloidal gold coated with protein A.

The native distribution of the receptors (CD3/CD4 and HLA) appears uniform over
the cell body and is, apparently, random. The onset of capping is charac-
terized by a process that involves simultaneous clustering of the antigens,
congregation of the clusters into large patches and, eventually, a single cap.

No "stray" molecules (an indication of a assynchrony) are observed. Observa-
tion of the freeze—fracture morphology of both exoplasmic and protoplasmic
faces fails to reveal any aggregation or segregation of particles (intra-
merabrane particles [IMP] taken to reflect apolar segments of transmembrane
proteins). However, when we induced the aggregation of the IMP (by glyceration
of unfixed cells) we found that all label [CD3] was confined to the aggregates
of IMP. We concluded that the antigens represent components that are visual-
ized in freeze-fracture preparations as IMP, but that their clustering and
patching must involve the efflux of other transmembrane proteins away from the
same area. Of interest is the fact that all molecules appear to participate in

the process , as no isolated molecules are labeled over noncapped areas . This
is of interest because it is unlikely that all (or even a majority) of the

antigen molecules are crosslinked by the antibody. We are now continuing these
investigations using fracture— flip and replica-staining fracture—flip

.

Label-fracture studies of the main developmental stages in Trypanosoma. cruzL
using colloidal gold labeled lectins easily establish a cytocheraical differen-
tiation between amastigotes, trypsomastigotes and epimastigotes . The cytosome
(an IMP-free domain) is densely labeled by concanavalin A. We have now started
a label—fracture study of sea urchin sperm. Our aim is to establish a cyto-
cheraical differentiation of principal developmental stages using specific
monoclonal antibodies. Preliminary experiments using wheat germ agglutinin
show the presence of a heavily labeled annulus near the top of the head, no
labeling at the tip and a relatively uniform distribution of WGA receptor sites
over the remaining of the head and the entire length of the tail.

Publications :

Andersson-Forsman C, and Pinto da Silva P. Label-fracture of cell surfaces by
replica-staining. J Histochem Cytochem, 1988;36:1413-1418.

Kan FWK, and Pinto da Silva P. Colloidal gold label-fracture cytochemistry.
In: Hayat MA ed. Modern Cytochemistry, In press.
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Pavan A, FraCi L, Torrisi MR, and Pinto da Silva P. Distribution and dynamics
of CDS and CD4 receptors of human lymphocytes as studied by fracture— label and
label-fracture. Biochem Biophys Acta, 1988;978:158-168.

Pavan A, Torrisi MR, Frati L, and Pinto da Silva P. The capping of HLA
glycoproteins in human lymphocytes as followed by label-fracture. J Cytochem
Histochem, In press.

Pinto da Silva P. Visual thinking of biological membranes: from freeze—
etching to label-fracture. In: Verkleij A ed. Immunogold Labeling Methods.
Boca Raton: CRC Press, In press, 1988.
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Abnormal calcium metabolism in adolescent children and postmenopausal women can

I have devastating consequences. The objective of these studies is to elucidate

! the kinetics of calcium metabolism in normal children and to evaluate disease

! related changes in calcium metabolism in children and adults. Stable calcium

I isotopes were administered to children and women of childbearing age and serial

I
samples were obtained for two to four days. Two stable isotopic tracers were

used in these studies; one given orally and one given intravenously. The use of

two tracers allows direct measurement of several important parameters of calcium

metabolism, principally the fraction of calcium absorbed orally and the

endogenous fecal excretion. Thermal ionization isotope ratio mass spectrometry

was used to measure tracer enrichments in serum, urine, feces and food. The data

was used to develop a multicompartmental model of calcium letabolism that better

characterized calcium metabolic fluxes between regions of the body.

I

682



ZOl CB 08379-05 LTB

Project Description :

Major Findings :

Significant findings have been made with respect to calcium absorption as a

function of age and with respect to estimating the distribution of total body

calcium from kinetic measurements. Women beyond the age of forty-five

demonstrate a significantly slower rate of absorption of dietary calcium than

younger women. Premature infants have a significantly taster rate of absorption
of dietary calcium when compared to adolescents. The affect of these findings

on total body calcium metabolism have yet to be determined. We hypothesize that

guC motility may play an important role in determining i he amount of calcium

absorbed from dietary sources. In particular, the slower absorption of dietary

calcium in older women may signal the beginning'? nl is t euporos i 3 . The

compartmental model developed from our data indicates that the internal

distribution of total body calcium can be estimated from measurements of blood

calcium and urinary calcium. This approach may serve as a relatively simple

method for clinically predicting the onset of disorders of calcium metabolism.

Additional data is being collected for further testing of the proposed

compartmental model. This research is being conducted in collaboration with Dr.

A. Yergey of the Laboratory of Theoretical and Physical Biology. These studies

advance the understanding of total body calcium metabolism in adult women and

may lead to a method of advance warning for the onset of osteoporosis and

improved methods of maintaining calcium balance in premature infants.

The proposed course of this study is to increase the data base used to develop

the mult icompartmental model describing calcium kinetics. In addition to

measuring calcium we will include measurements of hormones (PTH) and vitamin-D.

These substances are integral participants in the control of calcium homeostasis

and their roles will be included in the control portion of the compartmental

model

.

Publ icat ions :

Hillman L, Tack E, Covell DG, Vieira NE, Yergey AL. Measurement of true calcium

absorption in premature infants using intravenous Ca and oral Ca. Pediatric

Research, 1988;23:589-594.

Foster DM, Covell DG, Berman M. Applications of a general method for

deconvolution using compartmental analysis. Computer Programs in Biology and

Medicine, 1988; 18(4) :32-52.
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Viral systems are used to model the complex macromolecular processes and

organization of normal, infected and transformed cells. Computers are used to

study the nucleic acid and protein sequences that embody the infor^.ation

necessary for these systems to function.
Picornaviruses cause diseases typified by polio, colds, lepatitis, and

foot-and-mouth diseases. Gene and protein sequences of these viruses are

comparatively studied for relationships among them and to other known and

hypothetical proteins. Secondary structures of the RNAs are found to vary in

correlation with pathological and sequence differences.
Adenoviruses are studied with a goal to understanding early events in virus

replication wherein the cell's metabolism is subverted to viral functions, and

late events during which assembly and morphogenesis occurs. Early viral

proteins, whose existence was known from biochemical studies, have been analyzed

by comparing their sequences to cellular proteins of known function.

Computer analyses of proteins and nucleic acids have been developed and

implemented in conjunction with techniques of biochemistry, virology, and

electron microscopy on sequences of picornaviruses, adenoviruses, human

immunodeficiency viruses. Graphic representations revealing homology, and

reverse complementarity are coupled with numerical methods to aid the prediction

of secondary structure, splicing, promoters, and recombination in nucleic acid

molecules. Computer programs are developed locally and elsewhere for application

on Cray XMP, VAX and graphic workstations to perform sequence analysis and

structure predictions. Methods to assess the significance of predictions use

Monte Carlo simulations, evolutionary comparisons and biochemical data. Roles

for genes and proteins are deduced by comparison with databases of sequences of

known function and structure.
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Project Description :
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Major Findings :

MuLtipLe sequence aLignment for the detection of signals: Multiple sequences for

related genes provide a powerful data set for detection of structural entities
that are involved in recognition by enzymes or regulatory elements, and for

understanding common structural motifs. A dynamic program, ANA, for creating
alignments of hundreds of sequences, extracting the features and assessing the

statistical significance of such alignments has been developed on a Silicon
graphics workstation using the C Language. Extensions to this program permit
rapid assessment of the probability of chance occurrence for a given feature
using a method based on binomial probability theory. A similar but non-dynamic
program has been developed from the existing FEATUR program in pascal on the VAX
computer. Using these programs a number of observations of consensus signals in

the vicinity of splice sites, promoter sites and other items contained in the

GENBANK "feature" table have been compiled. Analogous programs have been
developed for use with amino acid sequences. They are used to find common
structural domains between HIV proteins and known families of enzymes such as

G-proteins and reverse transcriptases and structural proteins, other viral
sequences and potential antigenic sites.

Similarity studies: Sequence comparison is one of the most powerful techniques
for understanding the organization and function of biological systems. Some
sequencing laboratories feel that with the growing automation of the sequence
determination process, the Limiting step will be analysis of the sequence data
by computer unless superior methods are available. There will be a continuing
need for methods to compare sequences both more easily and more thoroughly.
Knowledge bases of experience with the meaning and interpretation of results
will also be needed. A variety of methods are used in the laboratory. One of

the most powerful of these uses the Cray XMP to search for regions of local
homology with the thorough program, SEQHP, or the more rapid SEQFP/SEQFT
programs of Kanehisa, and then to uses the SEQDP program to assess the
non-randomness of the matches. These have now been combined and modified to

produce output suitable for direct input into relational database programs such
as FRAMIS or INGRES. Low homologies can not be related unambiguously to common
evolutionary background, and rather may reflect common structural motifs, or

coincidence. Instances of relationships that are obvious in 3-D structure but
are difficult by homology (e.g. the two halves of the enzyme rhodanese), may
serve as test cases for methods to assess significance. Instances continue to

arise where the full dynamic programs and fast hexical based methods differ
significantly in results.
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An extension of this concept is to use similarities between new sequences and
known crystallographic or other 3-0 structural data to permit the generation of

a moLecuLar model for a protein that can predict and be challenged by

experimental data. Plausible models have been generated for perforin,
apo-liproteins

, portions of reverse trans???????tase and portion of CD-4
antigens using similarity search (DFASTP, SEQFDP, SEQHDP) molecular mechanical
(CHARRM, AMBER) and molecular graphics programs (MOGLI, MIDAS, GEMM). In some
cases these results are stimulating new insight into the functions of proteins
derived from gene sequencing.

Detection of potential RNA secondary structure: RNA and DNA structure are of

increasing concern as the innate catalytic activity, and other functional
properties of polynucleotides are being recognized and more experience with
protein-nucleic acid interactions is accumulated. Evidence from simple systems
suggest that there is a hierarchical precedence to the determination of

single-stranded polynucleotide structure in the order that primary sequence
determines regions of helical base pairing and stacking that pack into
3-dimens ional structures. Thus it is necessary to make reasonable predictions
of the secondary structure in preparation to predicting the full structure.
Methods have been developed along two lines to assess the secondary
structure-forming potential of RNA sequences. In one case alternate structures
are explored either by examining sub-optimally folded structures of nearly the

same stability as the best ones, and in another method the non-randomness of the
structures are examined by comparing the natural sequence with those of the same
composition but of varying degrees of random order. Both methods yield
agreeable results with experimental data, when it is available. A third method
utilizes comparison of structures that appear to be conserved across
phyllogenetic or mutational challenge. This latter method is widely accepted
but has never been assessed by statistical tests. Using all these methods
oncornavirus and HIV-related RNA's are being examined.

The method has been improved in efficiency up to 100-fold by an extensive study
to replace the time-consuming Monte Carlo procedure with a lookup table using
parameters derived from the base composition. In future it will- be possible to

extend the method to large numbers of sequences, and to provide the capability
to use smaller computers for selected sequences.

Regions of significantly stable structures are found to correlate with the
tat -regulat ing region already shown by others, the rev-responsive region
(Melvin, Cullen, Le, Maizel) and the frame-shift sites in the gag-pol and other
regions of retroviruses. As a trial the entire genome of HIV was folded on a

Cray 2 computer at NSAS-Ames through a grant of time. It took approximately 6

hrs as predicted from results with smaller sequences on our Cray XMP/24. This
required nearly 150 million words compared to the XMP/2A's 4 million words.
Predicted localized structures were compared with the global structure and
astonishingly it was noted the tat and RRE regions had persisted even though the
presence of the entire sequence offered vast possibilities for alternate
folding. These observations should be extended. Other extensions of this
folding methods have been tested with a large set of more than 100 t-RNA's.
Typically a single method will predict only a mini????? of them as being
clover-leaf" morphology, although it is commonly believed to be the universal
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structure. Using a method in which the rules are fluctuated to simulate typical
experimental results it has been possible to show that the same algorithm can
predict more than 80% correctly. This method also will be extended to study
other structures. This method finds regions of both greater and less than
random stability in HIV sequences. Regions of significant non-stability, or
open character, are correlated with the hyper-variable regions of the envelope
glycoprotein gene.

Publ icat ions ;

Chen J, Barber AM, Pedersen J, Brandt-Rauf PW , Carucci J, Murphy RB , Pincus MR.

Comparative x-ray crystallographic evidence for a beta-bend conformation as the
active structure for peptide T in T4 receptor recognition. J Protein Chem, in

press

.

Hausheer F, Barnett G, Colvin M, Maizel JV. Analysis and prospective design of

drugs for the treatment of cancer and AIDS by supercomputer. Presentation at

ICS 1988 Third Intl Conference on Supercomputing and Second World Supercomput ing
Exhibition. Boston: Intl Conference on Supercomputing, 1988 ;201-206

.

Konopka AK, Chatterjee D. Distance analysis and sequence properties of
functional domains in nucleic acids and proteins. Gene Anal Techn. In press.

Le S-Y, Chen K-H, Braun MJ, Gonda MA, Maizel JV. Stability of RNA stem loop
structure and distribution of non-random structure in the human immunodeficiency
virus (HIV-1). Nucleic Acid Res 1988;16:5153-5168.

Le S-Y, Chen K-H, Nussinov R, Maizel JV. An improved secondary structure
computation method and its application to intervening sequences in the human
alpha-like globin mRNA precursors. Comp Appl in the Biosc 1988 ;4( 3 ): 337-344
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folding. J of Theor Biol, in press.
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structures in histone mRNA and (J-snRNA and a feature for describing their
statistical distribution. Adv in Math & Comp in Med, in press.

Maizel JV. Supercomputing in biomedical research: Applications to sequence
analysis and molecular biology. Proc of the 2nd Intl Symp, Chicago, IL: Cray
Research, 1988;81-95.

Maizel JV. Supercomputing in molecular biology: Applications to sequence
analysis. IEEE Eng in Med & Biol Mag 1988;7:27-30.

Malim MH, Bohnlein S, Fenrick R, Le S-Y, Maizel JV, CuUen BR. Functional
comparison of the rev trans-activators encoded by different primate
immunodeficiency virus species. PNAS, in press.
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GELLAB is an exploratory data analysis system for the analysis of sets of 2D

electrophoretic gel images. GELLAB incorporates sophisticated subsystems for

image acquisition and processing, database manipulation and graphics as well as

statistical analysis. It has been applied to a variety of e.xper imental systems i

in which quantitative and qualitative changes in one or more proteins among

hundreds or thousands of unaltered proteins is the basic analytic problem.

Keeping track of changes detected using these methods is also a major attribute
|

of' the system. A composite gel database may be "viewed" under different

exploratory data analysis conditions and statistical differences and subtle
|

patterns elucidated from "slices" of an effectively 3D database. Results can be
|

presented in a variety of tables, plots or derived images. The computer

workstation based system, GELLAB-II, now runs under UNIX and uses X-windows for
j

portable interactive graphics.
I

!

Substantive applications include: analyzing sets of lymphocyte gels and long term

cell lines from human hematological malignancies to identify potential marker
j

proteins for possible microsequencing using a gas-phase sequenator (Lester);
|

axonal proteins synthesized during axonal regeneration (Sonderegger); cadmium
|

toxicity of epithelial cells (Sonderegger and Hunziker); cerebral endothelial
,

cell morphology control (Bauer and Amberger); assess stability of long term cell
j

lines (Alley).
!

I
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Project Description :

Major Findings :

Stabilization of GELLAB to run on workstations:

Continued work on stabilizing and converting GELLAB-I to GELLAB-II (GELLAB-I had

been converted from SAIL to C in GELLAB-II using the PSAIL translator (2)).

which has been integrated with more of the programs. [ntegracion of DataCopy
high resolution CCD camera for scanning gels at higher resolution. Increased
size of images in image processing and database sof t vare so GELI.AB-II can handle
these higher resolution gels. A program was developed for general image

conversion so that images from any scanner could be convpr- p •
i r he format

required by GELLAB-II - facilitating use of GELLAB for use by oihf aboratories
which do not have our scanner.

A 2D gel annotation database facility was added to GELI>AB-II. This interactive
program can be used to both define and search spot ann. 'a'

< on i^\ s which may be

both textual and computational. It will be used both tor record keeping of data
from the current experiment as well as information about '?pp<itic proteins from
other laboratories.

Additional GELLAB C-code library procedures were wri'ten to support GELLAB
programs. This includes a GELLAB-II X-windows library which helps enforce a

consistent windowing user interface making it easier to learn GELLAB.

The 25+ GELLAB-II programs (about 125,000 lines of code) are in final stages of

completion in terms of fine tuning to simplify the user interface. The
composite gel database program CGELP2 has added functionality to integrate it

better with many of the other programs so that generate of derived gel images is

smoother. Additional effort was made in simplifying the code for eventual
maintenance by others. Other changes were enhancements, such as the protein
"expression profile" search, involve new gel database search techniques. In

preparation for the sharing of 2D gel databases between different laboratories,
extensions were made to incorporate "foreign" database spot numberings and
annotation information.

As increased 2D gel image resolution is required with recent improvements in 2D
gel production (over 2000 spots/gel on standard size gels), our CCD camera can
capture this higher resolution. Major changes in many modules of GELLAB-II were
made to handle this increased resolution for variable size images.

Additional work was done in optimizing the spot quantitation program so as to

minimize computation times for increased resolution. This is important as
computation times increase with the square of the image size.

In order to maximize the interfacibi 1 ity of GELLAB-II with primary data from
other 2D gel systems (both academic and commercial systems), some changes were
made to the fundamental data structures to allow us to input paired spot CGELP2
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daCa from non-GELLAB sources. This would also allow us Co use the sCatiscics

and search record-keeping part of GELLAB on other types of biomedical data.

One of our goals is to be able to use digital 2D gel data from other

laboratories and analyze it using GELLAB. The PPXCVT program for image

conversion of other laboratory formats to our standard format has been completed

and is able to convert a variety of 2D gel image formats.

GELLAB-II now has more of the line graphics used in GKI.LAB-I working. This

entailed completely rewriting a DECsystem-iO OMNIGRAPH >i>-qphi,^ subsystem. The

GELLAB-II program PLOTN is able to replot graphics filps prodm-oa by the various

GELLAB-II programs as either Tektronix-4010 or PostScn pi - the latter which may

be used to get hardcopy laser printer plots.

To facilitate learning GELLAB using the exported software in other laboratories,
demonstration program scripts and tutorials were developed for new users. This

is being iterated and optimized as we gain experience with what "information" is

missing when learning the system outside of our lab.

A book on GELLAB-IJ is in final stages of preparation. It is intended to be

used primarily as a reference for the GELLAB-II system. As such, it contains

material which include-' a general introduction to gel analysis methods,

tutorials on introductory and advanced methods for computer assisted analysis of

2D gels, and a discussirn ot exploratory data analysis techniques as applied to

gel analysis.

A Portable Picture System - Xpix:

Work has continued on Xpix, a portable menu driven image processing system for

X-windows which currently runs on SUN, microVAX, etc. workstations under UNIX.

Xpix is used with GELLAB-II to interactively view, enhance, process, etc. gel

images. Xpix has additional capability which makes it suitable for analyzing ID

gels as well as other types of images. It was designed so that new

functionality can be added through external UNIX programs rather than in making

time consuming and more difficult changes to Che program itself. Additional

functionality has been added to Xpix to make it more powerful as well as easier

Co use. IC has been rewriccen since last year so as to take advantage of the

GELLAB X-window library. This library was then used for adding a consistent

windowing image interface to other GELLAB programs.

Proposal for digital data interchange for Portable 2D gel databases:

During the 2D Gel Electrophoresis meeting in Vienna, Austria November 8-11, 1988

several of the laboratories interested in having portable gel databases formed a

group to try and work out a portable file interchange mechanism to exchange 2D

gel data between laboratories. I was selected as moderator and have be working

on integrating suggestions to try and come up with a scheme agreeable to most of

the groups. The goal is to be able to transfer digital 2D gel daCa.
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Col laborations

;

Collaborative work, wich Dr. Peter Sonderegger at the Biochemistry Institute,
University of Zurich has resulted in finding a secreted axonal protein AXONIN-I
(4). Work is continuing in looking for additional secreted axonal proteins.
The GELLAB-II system which was exported to the Biochemistry Institute at the

University of Zurich. GELLAB-II is included in a course on computer methods in

molecular biology (Terry Hale). New collaborations were started with
Dr. Sonderegger ' s Department to use analyze gels for cadmium toxicity of

epithelial cells (Dr. Hunziker). While in Zurich in November 1988 and May 1989
I met with Mr. Terry Hale, of the Biochemistry Institute to discuss GELLAB-II
installation, and its use. In the May visit, I collaborated with members of

Dr. Hunziker's group on using GELLAB on their gels. In a ;oini collaboration
with Dr. Sonderegger, I met with Dr. Albert Amberger fmm ")-

. ^autr's lab

(Salzberg) to discuss the use of GELLAB on gels of their loniJ ; erm .apillary
cerebral epithelial cell lines to aid in understanding the blood-'irai' flrrier.

Ada-.rional collaborative work with Dr. Eric Lester at University lenn. Center
tor Health Services on labeled proteins from human hematologi ra 1 malignancies,
including long term cell lines. Work has continued on the 2D g-j! adult human
leukemia and lymphocyte database. Several proteins selected from this database
with the help of GELLAB were microsequenced. Some of this data was incorporated
in the new annotation database subsystem being developed in GELLAB.

We are exploring with Dr. Michael Alley of NCI-PDR/FCRF the feasibility of using
GELLAB-II at FCRF in part of his program. We are evaluating gels from a A549
lung adenocarcinoma TC cell line to assess the level of stability of proteins
expressed at multiple passages.

We are exploring with Dr. Trygrv Krekling (Agr. Univ. Norway) on exporting
GELLAB-II and collaborating on future enhancements.

Mr. Robert Ashmore (PRI/FCRF) has been collaborating in the conversion of some
of the GELLAB-I programs to GELLAB-II. He has also contributed in developing
the X-windows interface used in the GELLAB-II programs and in extensions to the
Xpix program.

Mr. Voitek. Kasprzak (PRi/FCRF) has extended the COMTAL/PDPl 1-44 image processing
system to be accessible from Ethernet so as to be usable as another image
processing resource in our laboratory.

GELLAB-II has been exported to the University of Zurich (Sonderegger and Hale)
which is our Beta export test site. Additional changes to facilitate continued
collaboration and exporting of enhanced versions of GELLAB has been actively
pursued

.

Much of the time this past year was spent extending and fine tuning GELLAB-II
software to take advantage of the UNIX environment. This included new software
to control a high resolution CCD camera, enhancements of the gel quantitative
and annotation database subsystem, and user windowing interface enhancements.

692



ZOl CB 08381-06 LTB

Publications . lectures and abstracts

:

PubLications :

Lemkin PF. GELLAB-II, A workstation based 2D electrophoresis gel analysis
system. In: Endler T, Hanash S. (Eds) 2D Electrophoresis. Vienna Austria,
November 8-11, 1988. VCH Press: W.Germany, 1989: 5.

Lemkin PF. PSAIL: A portable SAIL to C compiler - Description and tutorial.
SIGPLAN Notices, 1988 ;23( 10 ): 149-17 1

.

Lemkin PF, Lester EP. Database and search techniques for 2D gel protein data: A

comparison of paradigms for exploratory data analysis and prospects for

biological modeling. Electrophoresis, 1989 ; 10( 2 ): 122-140 .

Stoeckli ET. Lemkin PF, Kuhn TB, Ruegg MA, Heller M, Sonderegger P. Axonally
secreted proteins: I. Identification of proteins secreted from axons of

embryonic dorsal root ganglia neurons. EMBO J, 1989;180:249-258.

Kasprzak V, Lemkin P, Shapiro B. Short manual for the PDPll/44 - COMTAL service
program. IPS, LMMB, MCI/FCRF. 1989; 16.

Books

:

Lemkin PF. The GELLAB-II 2D gel analysis system. 1989;557. In preparation.

Lectures

:

Title: GELLAB-II, A workstation based 2D electrophoresis gel analysis system,

"2D Electrophoresis Conference", Vienna, Austria, November 8-11, 1988.

Title: 2D Gel Database Analysis Using GELLAB-II. FEBS-IUB-Danish Biotechnology
program. Advanced lecture-practical course: "Protein Databases Based on the

Analysis of Two-Dimensional Gels". May 8-10, 1989, Institute of Medical
Biochemistry and Aarhus University, Bioregulat ion Research Centre, Aarhus,
Denmark.

Title: 2D Gel Database Analysis Using GELLAB-II. Guest lecture. University
Zurich, DepC. Biochemistry, November 123, 1988. Collaborate with members of

department on installation and use of GELLAB-II in their laboratory.
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SL'MMASY ~F wCRK usm stanaani jnrvaucaa ypt. Do to* ticam] ri» jscca pn>nota.i

Work on nucleic acid scructure has concinued in a variecy of co 1 laboracions

and directions. The RNA secondary scruccure analysis syscem has expanded to

include more functional icy for analyzing SNA conf ormacions from various

perspectives. This has involved the development of new algorithms to explore

secondary structure motifs and RNA tertiary sCruccure. This has made available

an experimencal computer workbench to allow a researcher to interactively pursue

various areas of interest concerning RNA scructure in a coherent way. This

includes both the use of facilities Co explore in decail mulciple scruciures as

well as individual RNA scructures. This syscem permits queries of relationships

Chat exist in the RNA secondary structure problem domain involving various

software/hardware complexes available ac the FCRF. The system is currently being

ported to a SLfN workstation thus allowing broader access.

Algorithms have been developed chac involve RNA secondary structure analysis

specifically the measurement and visualization of structural similarity from

global and contextual viewpoincs. A very fast algorithm has been developed to

compare RNA structures using the concept of levels of abscraction. This permits

the definition and searching of structures from loose to a more restricted

specifications. A research effort has also begun using the system examining the

potential effects of tertiary RNA interactions such as loop-loop bindings.

The syscem and new algorithms have been used to sCudy the Lll operon of

E. coli with respect to regulation effects of the LI procein. Also, the

scrucCural effects of the translation efficiency of the lamB gene of E. coli was

studied

.

Work has begun using the structure analysis system to sCudy the structural
aspects of polio. Initial ooservacions indicate chac secondary and possibly
terciary structural components may correlate with ribosomal binding sites.
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Project Description;

Major Findings

A highly integated sysLem for the analysis of RNA secondary structure has been
developed on a SYMBOLICS J675 computer. One of the objects of this research is

to make available an experimental computer workbench to allow a researcher to

interactively pursue various areas of interest concerning RNA secondary
structure in a coherent way. This includes both the use of facilities to

explore in detail multiple structures as well as individual RNA structures.
This system is forming the basis for an expert system which is permitting
intelligent queries of relationships that exist in the RNA secondary structure
problem domain involving various software/hardware complexes available at the

Frederick Cancer Research Facility. The system current Iv has a large number of

functions that permit the use of algorithms that reside on diMnrent nodes on

the FCRF network. This includes the SUN'S, and VAXES and /ery shortly the CRAY
XMP (Wojcieoh Kasprzak,PRI ) . These algorithms are invoked t rom the SYMBOLICS
utilizing one common mouse and window system that redufc-^ t h( users need to know
the various software/hardware complexes. The use-r has the interactive
capability to fold literally hundreds of structures and to cluster these
structures to determine which are similar and which are not as well as which
substructures are similar and which are not (see 1,2,5). The ability also
exists to search for specific structural elements that are a function of global

or semi-global structure, base pairing, local energies as well as sequence. The
abiltity exists to graphically display structures that are generated. One may
then interact with the display to get at various local structural elements.

The structure may be labeled in different ways so that the important area of

current interest may be viewed. Structures may be compared analytically, for

example using a Boltzman distribution as well as visually. The system is in the

process of being ported to sun workstations (Sarah Lesher, PRI ) thus allowing
broader access to the research community.

New algorithms and methodologies have been developed that permit the clustering,
searching for, and examining in detail of multiple RNA secondary structures from
a structural as well as sequence standpoint. The object is to find structural
similarities that could be correlated with functional sites. This includes the

examination of how mutations affect structure and function in RNA. Examination
of the regulation effects of LI protein and Lll gene of E. coli have been
examined in detail using the system with its new set of algorithms (with
MargaliC, Maizel-LMB, Oppenheim-Hebrew University) (see 2). Mutations may be

generated that preserve the amino acid coding sequence and then these structures
are then compared to determine which ones are similar to the wild type or other
alternate structures. These in turn suggest mutational experiments to perform
in the laboratory to determine how the mutants perform in comparison with the

predicted models. Comparitive studies have been completed with structures
published in the literature e.g. LI and Lll. Examination of the Ll/Lll data
shows some good correlations to the published experimental results. The lamB
gene of E. coli have been examined also in regard to how structure effects
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translation (see 2). Specifically the Local structure surrounding the

Shine-Dalgarno region of the LamB gene was compared using computer generated
mutations some of which were compared with experimental published work, and

suggests other compensatory mutations that should respond like the wild-type.

Work has been pursued involving computer experiments to determine how RNA
conformational energies are related to sequence composition. An algorithm has

been developed that can determine what the average energy would be for a given

sequence composition. This is being utilized to determine the- significance of a

folded RNA molecule compared to what would normally oe expf-rted given its base

composition (with Chen, Le , Currey and Maizel-LMB) (sec 3).

Work has been pursued involving the determination ot a RNA secondary structure
consensus. An algorithm has been developed that allows or>f^ ' o determine the

structurally significant conformations from a group of conformations thus

forming a consensus (with Le, Owens, Nussinov, Maizel ) (see 4). The object of

this algorithm is to determine what structures within a given sequence are most

stable under the influences of folding and to extract those structures to form a

consensus structure. The consensus may also be determined by looking at

preserved structures generated from suboptimal foldings.

A phase of the work utilizing a new tree comparison algorithm to do flexible and

accurate comparisons of RNA secondary structures has been completed (see 2,5).
This included the ability to determine precisely where differences reside
between to structures and to place a measure on these differences (with Zhang
and Shasha-Courant Institute). This is analogous to the sequence homology
algorithms commonly used but here structures are being compared. The work las

evolved out of a lecture I gave to a graduate course established at the Courant
Institute at NYU with participation of various NIH and non-NIH lecturers. The
algorithm permits several Levels of abstraction in comparing RNA structures.
The structures may be compared based upon a loose morphologic description of

their shape. A more refined comparison is possible allowing for the sizes of

the individual structures to be included. Ultimately sequence information may
be included. The algorithm mentioned here has been included in the above
described system to get an even better handle on comparitive structures. The
algorithm was utilized in the research done in (2). The algorithm appears to be

useful as an aid in phylogenetic studies of RNA secondary structures.

Work has begun in collaboration with Dr. Kathleen Currey of University of

Maryland Medical School on the structural effects of virulent and non-virulent
polio strains I, II and III. This has led to the development of new algorithms
to permit consideration of RNA tertiary structure, specifically loop-loop
interactions which includes the possibility of pseudo-knots, in regard to

polio's functional sites. Experimental mutational data is being included (Trono
et. al . , 1989) to better relate the structural aspects to functional regions of
the 5' noncoding regions. Initial observations suggest that secondary structure
and possibly tertiary structure in the form of neighboring stems with loop-loop
interactions may correlate with ribosomal binding sites.

696



ZOi CB 08382-06 LTB

Publ icat ions ;

Shapiro BA. An algorithm tor comparing multiple RNA secondary structures.
CABIOS, 1988;4(3):387-393.

Margalit H, Shapiro BA, Oppenheim AB, Maizel JV Jr. Dptecrion ot commot; motifs
in RNA secondary structures. MucLeic Acids Res., in press.

Chen J-H, Le S-Y, Shapiro B, Currey KM, Maizel JV . A computational procedure
for assessing the significance of RNA secondary structure. CABIOS, in press.

Le S-Y, Owens J, Nussinov R, Chen J-H, Shapiro B, Maizel JV. RNA secondary
structures: comparison and determination of frequently recurring substructures.
CABIOS, in press.

Shapiro BA, Zhang K. Comparing multiple RNA secondary structures using tree
comparisons. Submitted.
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SUMMARY OF WORK (Us» sia/KJarO unnCucaa ryp». Do not axcatu tn» soac* orov«»»tf.)

Extracting molecular details of the mechanism of promoter function in

transcription is a subject of broad interest. We have chosen to look at one of

the simplest aspects of this process, namely, the strength of DMA double helix

strand pairing in the promoter region. Specifically, the stability of the DMA

double helix was determined in the vicinity of the promoter by computing the free

energy for strand separation as a function of dinucleotide free energy values

taken from the calorimetric measurements of Breslauer et al. The stability of

168 E. coLi promoter regions was studied within a window of +/- 250 nucleotides

on either side of the transcription start sites. We found that for this set of

promoters the -10 region was significantly Che least stable. There is no

correlation between the free energies and the rates of RNA polymerase-promocer

open complex formation measured for 25 promocers. We also compare Che free

energies of 121 promoter mutations across Che -35 and -10 consensus regions with

the free energies of the corresponding wild type sequences. These pairwise

mutant-wild type comparisons provide a particularly good test since the examined

sequences differ only in one nucleotide so Chat all other sequence dependenc

effects are fixed. About 80% of the mutations in the -10 region that show

increased/reduced promoter activity are less/more stable than the wild types.

The observed high free energy peak, as well as the mutation data, strongly

support the conjecture that the instability, or melting properties, of the -10

region plays a significant role in promoter function.
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Project Descripcion :

Major Findings :

For a colleccion of 168 promoters we showed that the -10 region is the least

stable paired double helix, within a 500 nucleotide span around the

transcription initiation site. We revised our database to include only promoter

sequences for which the transcription start positions have been identified

experimentally. The present database of 168 E.coli promoters is based on the

recant compilation of promoter sequences (Harley and Reynolds, 1987) and on

GENBANK release 52. The peak in frequency of TA (the least sf^ble d inuc leot ide

)

in the -10 region might suggest that one of its roles is in t ac i 1 i tat ing the

"melting in" step in the open complex formation.

In a data base of 121 up and down promoter mutations, about 80% ot the mutations

in the -10 region that show increased/ reduced promoter activity are less/more

stable than the wild types. There is no correlation between the type of

mutation in the -35 region and the direction of free energy change. Also, the

-35 region is not so relatively unstable.

The mutation analysis points to a possible dependence of promoter activity on

the -10 region helix stability. A possible mechanism that could cause such a

dependence is the following:
1) The enzyme interacts with the -35 region to form the closed complex.

2) The -10 region double helix is opened by thermal fluctuations.

3) The enzyme interacts with the appropriate strand in the -10 region

to form the open complex.

A kinetic formulation for this process, shows a direct relationship between the

free energy and the rate of open complex formation. However, we did not t i nd a

linear correlation between the free energies and the rates of open complex

formation (available for 25 promoters), implying that the stability ot the DNA

is not the only factor that determines the rate of the process. The last step

might be rate limiting and is probably sequence dependent as well.

The kinetic analysis compares activities of different genes, and the variation

among them is probably a result of various- sequences affecting the different

steps that lead to an open complex formation. In the mutation analysis the

activities of a wild type and a mutant of the same gene are compared. The only

difference between the two promoters is a single point mutation. All the

sequence dependent factors affecting transcription rate are identical except the

one at the position of the mutation. The strong correlation between the type of

mutation and the direction of free energy change in the -10 region indicates

that the ease of melting directly affects the transcription rate.

PUBLICATIONS ;

Margalit H, Shapiro BA, Nussinov R, Owens J, Jernigan RL. Helix stability in

prokaryotic promoter regions. Biochemistry 1988;27:5179-5188.
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SUMMARY OF WORK (Usm titncart) unnCucae ryp«, Oo net tjcatS <ri* soact cmiata.l

To find out the differences between trans GoLgi and the cell-surface .beta il-^)

galactosyltransferase (GT) enzyme whose synthesis are differentially regulated we

continued this year the studies on the primary structure of GT in relation to its

gene structure. The 1st exon of GT gene codes for the first 141 residues of the

401 residue long precursor GT protein. 72-residue-NH2-terminal peptide of the

141 residue domain, coded by the 1st Exon, contains the membrane anchoring domain

and is cleaved to generate the soluble and secreted form of GT. The 1st exon is

separated from the second exon by about 12Kb intervening sequence. The

amino-terminal end sequence of the low molecular form of secreted and soluble

form of the protein, which is enzymat ically active, corresponds to the nucleotide

sequence of the second exon. We also show that a) there are tissue specific

variations in the size of 3'-noncoding sequence of GT mRNAs which are generated

by utilizing other potential polyadenylat ion signals than the canonical sequence.

In the lactating mammary gland of various species there is, besices the major

4.2Kb mRNA, a 2.2Kb mRNA which is ^shorter at the 3'-noncoding region. In

addition there are multiple poly(A) RNAs which are devoid of the 3 ' -end sequence

coding for the COOH-terminal end of the enzyme. Our results suggest the

possibility that the surface and Golgi GT might be generated by alternate

splicing or from second copy of gene or both.
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Project Description :

Major Findings ;

Gene Structure of Beta (1-4) Gal tactosylransf erase:

Overlapping bovine Beta (1-4) Galactosyl transferase genomic clones were isolated
from a bovine genomic library. Results of restriction analysis and arrangement
of the cDNA sequence in the genome showed that: 1) There are 5 LnCrons and 6

exons in the GT gene. 2) First exon codes for the first 141 residues of Che

precursor GT protein which has two in-frame methionines 18 residues apart. Gut

of this 141 residue region, the 72-residue NH2-terminal peptide which also
contains the membrane anchoring domain, is missing from the secreted and soluble
form of the enzyme. 3) There is no intervening sequence in the 2.7Kb long

3'-noncoding sequence. The 6th exon codes for the 41 residue long COOH-terminal
portion of GT and contains 2.7Kb 3'-noncoding sequence. 4) The gene sequence
coding for residue 142 to 361 of the GT protein contains 4 exons. 5) Sequence
analysis of several cDNA clones have shown that some mRNAs contain only 4ch exon
GT sequence or are missing 5th exon sequence. 6) Several bovine Alu-equi valent
sequences are present in the intervening sequences and in the 3'-noncoding
sequence

.

Northern Blot Analysis of the RNA:

Northern blot analysis show that in addition to the major transcript of 4.1Kb
for GT observed in bovine, rat and mouse tissue, there is a minor transcript of

2.1Kb that is detected in a tissue specific (mammary gland) but not in a species
specific manner. Hybridization of the RNA blots with the 3 ' -end probe derived
from the clones corresponding to the 4.1Kb mRNA shows the shorter mRNA (2.1Kb)

lacks this region. Sequence analysis of several cDNA clones showed chat several

canonical and potential polyadenylation sites (ATTTAAA or TATAAA) present in the

3'-noncoding region are utilized for polyadenylation and account for the shorter
transcripts. Some transcripts are generated by utilizing the polyadenylation
sites (AATAAA or ATTAAA) present in the intervening sequences and thus lack
sequences of remaining exons. These results suggest that complex transcripts
are generated from GT gene.

A paper describing these results is in preparation.

Publications;

Masibay AS, Qasba PK. The complex alternative processing of the Beta (1-4)

galactosyltransf erase precursor mRNA. The J Cell Biology Abs 1989;4842 :850a.
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SUMMARY OF WORK tusa standam unmaucaO ryot. Oo not axcaaC tna spaca pnjvKJstfJ

We continued the development and application of fracture—flip , a method that we
discovered last year. This new method provides macromolecular resolution views of
Che membrane surfaces of cell membranes. We combined fracture—flip with post-
fracture extraction of unfractured membranes by Triton X-100 . This new version of

\

fracture-flip allows exposure and imaging of the inner (cytoplasmic) surfaces of
i

plasma membranes and, also, of the exoplasmic surfaces in double—membrane orga—
|

nelles. We combined this method with immunogold cytochemistry to study the
ultrastructure of the inner surface of the red cell membrane as well as the planar

\

distribution of Band 3 and spectrin (K. Fujimoto). Fracture-flip Triton X was also'
used to investigate the ultrastructure of nuclear pores in isolated rat liver nuclei
(K. Fujimoto). In other studies, we were able to show that the presence of a

j

surface meshwork of 44 nm fusiform of filaments characterizes the infective stage of
Leisbmania major. We proposed that these filaments represent metacyclic develop— i

mental lipophosphoglycan (P. Pimenta; D. Sacks; R.P. da Silva). We investigated ana
were able to differentiate the ultrastructure and lectin cytochemistry of the main

j

developmental stages of Trypanosoma cruzi (P. Pimenta, W. de Sousa, T. Souto-
I

Padron) . We continued the investigation of the surface ultrastructure of developing
nerve cells in culture (C. Andersson-Forsman) . Studies now in progress address: 1)1

the surface ultrastructure of H9 cells infected by HTLV-II(B) (S. Ru-Long); 2) the
surface ultrastructure and distribution of specific proteins in sea urchin sper-

|

matozoa at different stages of development (S. Ru-Long, D. Nishioka); 3) surface
j

ultrastructure of Giardia lambia (P. Pimenta, W. de Sousa); 4) surface ultrastruc-
j

ture and molecular cytochemistry of lymphocyte capping of CD3 , CD4 and HL-A antigens
(M.R. Torrisi, A. Pavan); 5) surface ultrastructure of Mycobacterium leprae and M. ;

avium (A. Aguas, M. Teixeira da Silva; see Lepra, new project); and 6) surface
!

microanatomy of Schistosoma mansoni collected during its life cycle (P. Pimenta, A.
j

Sher).
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PROJECT DESCRIPTION
Major Findings :

Fracture-flip is a new method to reveal the ultrastructure of membrane surfaces

at close to macromolecular resolution. For fracture—flip cells are freeze—
fractured and carbon (but not platinum) is evaporated onto the fractured face.

The specimens are thawed, washed repeatedly in distilled water and the carbon
replicas (with the exoplasmic halves of membranes attached) are then "turned
upside—down ("flipped"). The actual surfaces of membranes (from the exoplasmic

halves of the membrane) are now on top. After air-drying, they can be imaged

at high resolution by evaporation of platinum. In its original form, fracture-

flip can only reveal the outer surfaces of cells (or the cytoplasmic surfaces

of isolated organelles). We have now modified the method to use post-fracture
Triton X extraction of specimens. Triton X dissolves unfractured membranes,

but does not extract fractured membrane "halves" because these have their

apolar regions already stabilized by carbon (evaporated immediately after

fracture) . We have now used this new method to provide extensive views of the

inner surface of erythrocyte membranes, before and after extraction of spec-
trin. We have also combined this new method with replica staining techniques

(see Label-Fracture; ZOl CB 08378-05 LTB) to identify spectrin molecules at the

inner surface (K. Fujimoto). We used also fracture-flip and fracture-flip/
Triton X to study the cytoplasmic surface of the outer membrane as well as the

exoplasmic surface of the inner membrane in isolated rat liver nuclei (K.

Fujimoto). We showed that, contrary to previously thought, the nuclear pore is

not lined at its cytoplasmic surface by ribosome-like particles but is, rather,

a fairly inconspicuous structure almost "flush" with adjacent areas of the

nuclear envelope. In contrast, examination of the exoplasmic surface of the

inner nuclear envelope membrane (exposed after Triton X extraction) shows the

presence of large globular structures which span the intermembrane (peri-

nuclear) space.

We continued the application of fracture-flip to the study of the surface

ultrastructure and topochemistry of the agents of parasitic diseases. These

organisms are all characterized by the exquisite dynamics of their cell

surfaces which they use to evade the defense mechanisms of their hosts. In

Leishmania major, we found that characteristic fusiform filaments (avg. length:

44 nm) cover the surface of cells fixed at an infection stage (P. Pimenta, R.P.

da Silva, D.L. Sachs). Preliminary immunogold labeling experiments as well as

correlation with biochemical data on isolated membranes led us to propose that

these filaments represent lipophosphoglycan that is present only in infective

promastigotes. Fracture-flip was also used to lead to the ultrastructural
differentiation of the main developmental stages of Trypanosoma cruzl (pro-

mastigotes, amastigotes and epimastigotes) (P. Pimenta, W. de Sousa, T. Souto-

Padron) . The images that we obtained have a resolution much higher than that

provided even by high resolution scanning electron microscopy. For instance,

in epimastigotes fracture-flip clearly reveals the presence of a sharply

delimited, raised, roughly textured platform at the cytostome. This platform

remains invisible even in attempts to visualize with still experimental high

resolution SEM (K. Tanaka) . We combined replica-staining (see Project ZOl CB

08378-05) with fracture-flip to differentiate the three main developmental
stages of the life cycle of T. cruzi. Of interest is the very sparse labeling
of epimastigotes with the exception of the cytostome which is heavily labeled
by concanavalin A, but not labeled by Ricinus communis or by Wistaria flori-
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bunda lectins. Recently, we started to explore the application of fracture-
flip combined or not with iimnunogold labeling to observe the budding of HTLV-

11(B) from H9 cells (S. Ru-Long) . We have found that only a small proportion

of the cells (less than 3%) show viral particles budding form their surface.

However, those that do, do it actively. We note that our objective is not to

establish elements on the ultrastructure of the virus, rather to see its

surface distribution, mode of budding, mechanism of fusion and detection and

mode of distribution of viral antigens (we will start with GP120 and GP41) on

cell surfaces. This work will involve conventional freeze—fracture , label-
fracture and immunogold labeling of fracture-flipped specimens). WGA labeling
of fracture-flipped specimens shows a higher density of receptors on cells
producing virus. In addition, we find that WGA does not label the virus

particle itself, with labeling more concentrated within an annular area of the

plasma membrane surrounding the emerging virus.

Publications :

Andersson-Forsraan C, and Pinto da Silva P. Fracture-flip: new high resolution
images of cell surfaces after carbon stabilization of freeze—fractured mem-
branes. J Cell Sci 1988;90:531-541.

Andersson-Forsman C, and Pinto da Silva P. Fracture-flip views the surface of

sperm cells macromolecular resolution. Proceedings of the Ninth European
Congress of Electron Miscrosc. York, England; Inst. Phys . Conf. Ser. 93,

Chapter 17, 1988;3:467-468.

Andersson-Forsman C, and Pinto da Silva P. The surface of human blood cells as

revealed by fracture—flip . Proceedings of the Ninth European Congress of

Electron Microsc. York, England; Inst. Phys. Conf. Ser. 93, Chapter 17,

1988;3:477-478.

Andersson-Forsman C, and Pinto da Silva P. High resolution surface views of

spermatozoa as revealed by fracture-flip. J Cell Sci 1989;92:415-425.

Fujimoto K, and Pinto da Silva P. Macromolecular dynamics of the cell surface
during the formation of coated pits is revealed by fracture-flip. J Cell Sci
1988;91:161-173.

Fujimoto K, and Pinto da Silva P. The surfaces of nuclear envelope membranes
as revealed by fracture-flip. Eur J Cell Biol, In press.

Fujimoto K, and Pinto da Silva P. Fracture-flip/Triton X-100: a new method to

study the ultrastructure and topochemistry of the cytoplasmic surfaces of
biomembranes , Submitted.

Pimenta PF, da Silva RP , Sacks DL, and Pinto da Silva P. Cell surface nanoana-
tomy of Leishmanla major as revealed by fracture—flip . A surface network of 44

nm fusiform filaments identifies infective developmental stage promastigotes

.

Eur J Cell Biol, In press.

Pimenta PF, de Sousa W, Souto-Padron T, and Pinto da Silva P. The cell surface
of Trypanosoma cruzi: a fracture—flip , replica—staining label—fracture study,
Submitted.
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Pinto da Silva P, Andersson-Forsman C, and Fuj imoto K. Fracture-flip: where
freeze-fracture is turned upside down and comes from behind the looking glass
to reveal the cell surface. Proceedings of the Ninth European Congress of
Electron Microsc. York, England; Inst. Phys . Conf. Ser. 93, Chapter 16,
1988;3:451-452.

Pinto da Silva P, Andersson-Forsman C, and Fuj imoto K. Nanoanatomy and
topochemistry of cell surfaces. In: Motta P ed. In Celebration of Camillo
Golgi , In press

.
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Beta (1-4) galactosyl transferase enzyme (GT) is localized in the trans Golgi

where glycoproteins get galactosylated. This enzyme has also been gound at the

cell surface where it acts as cell-adhesion molecule, mediating intercellular

adhesion by binding to terminal N-acetylglucosamine residues on

lactosaminoglycans substrates, there by bridging cells together, and as a high

affinity receptor for the laminin long arm. The cell surface and Golgi

transferase seem to be differentially regulated, the former is induced by

beta-adrenergic agonist like isoproterenol without effecting the Golgi

transferase while as upon differentiation of certain cell types it is the Golgi

transferase that increases without effecting the cell surface transferase. The

cell surface GT is possibily involved in growth since its effector molecule

alpha-lactalbumin blocks the growth of cells induced by beta-adrenergic agonists

isoproterenol. In the current studies we are investigating the expression of GT

in several cell lines and the distribution of this enzyme in Golgi and cell

surface, hormones involved in the regulation of expression of the two forms of

the enzyme and the time when they are expressed during cell-cycle. Our results

indicate that in Swiss mouse 3T3 cells GT is expressed prior to DMA replication |

and then down-regulated.

1

\
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Project Descript: ion :

Expression of beta (1-4) galactosyl transferase (GT) is known to be hormonally
regulated. In manvnary gland its expression is modulated by lactogenic hormones
and is also dependent on the functional differentiation of the mammary tissue.
In parotid glands transferase activity is also known to be modulated by
beta-adrenergic receptor agonist. In the present study hormonal requirement and
tissue specific expression of cell surface and Golgi forms of GT are being
invest igated .

Major Findings :

Expression of Al pha-Lactalbumin , the Effector Molecular of Beta (1-4)

galac tosy I t rans f erase in the Mammary Gland :

Epidermal growth factor (EGF) markedly enhances the selective,
prolact in-independent induction of alpha-lactalbumin in mammary explants from
pragnent rats. Commercial preparations of serum albumin from six species
contain a small molecule with similar effects and this muUc.jIf is sensitive to

increased temperature and resistant to trypsin digestion. Oi the five milk
protein mRNAs studied, only alpha-lactalbumin is induced by insulin,
glucocorticoid and serum albumin in the absence of prolactin. The biological
effects of serum albumin contaminant and EGF through similar, they appear to

operate by different mechanisms since their effects on the rat system are
addi t i ve

.

Cell-cycle dependent expression of Beta 1-4 galactosyl trans te rase in

mouse 3T3 cells :

Expression of 1-4 gal t rans f erase during different stages of cell-cycle in mouse
3T3 cells is studied in conjunction with the expression of other mRNAs daring
the cell's transit through G . 1-4 galtransf erase is expressed during early G

period of these cells (2.5 nrs after serum stimulation of the confluent cells).
These mRNA levels then decline by the 6th to 8th hour of stimulation. Other
mRNA species stimulated during this period have been identified. One of them
being gamma actin-specif ic mRNA.

Expression of Beta 1-4 galactosyltransferase in established cell-lines :

Expression of galtransferase is being studied in various tissues and cells
lines. In the present study we are screening several cells lines for 1) the
activity of 1-4 galtransf erase, 2) the molecular form of the protein produced,
3) mRNA levels for the enzyme and 4) mRNA size class produced.

Publications :

Ziska SE, Bhattachar jee M, Herber RL, Qasba PK, Vonderhaar BK. Thyroid hormone
regulation of alpha-Latalbumin: Differential glycosylat ion and messenger
ribonucleic acid synthesis in mouse mammary glands. Endocrinology
1988;123:2242-2248.
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Nichols KR, Sankaran L, Kulski JK, Chomcyzynski P, Qasba PK. Comparison of some
biological eftects of epidermal growth factor and commercial serum albumin on
Che induction of alpha-lactalbumin in rat and rabbit mammary explants. J Endocr
1988;119:133-139.
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SUMMARY OF WORK (Usa itaixltra {jnraHueaO iyp». Do not ttcaM !ff ipac* prmtoma.l

Our ongoing studies on the structure-function relationship of proteins,

specifically of glycosyl transferases and their modifiers like alpha-lactalbumin

,

continued this year. We report for the first time that the cDNA sequence of

bovine beta (1-4) gaLactosyl transferase (GT) (constructed from a partial cDNA
clone and a genomic fragment) engineered in an Okayama-Berg vector, upon
transfection of COS-7 cells, codes for an enzymat ical Ly active GT.

There is an approximacely 12 fold increase in the GT activity upon transfection
of COS-7 cells with sense cDNA compared to ancisense or pSV^Neo or mock
transfected cells. Polyclonal and monoclonal antibodies directed against
synthetic peptide corresponding to Che amino-terminal region of the GT protein,
bind the expressed protein and the immunoprecipitates exhibit GT enzymatic
activity. The expressed GT activity is modulated by alpha-lactalbumin to change
the acceptor specificity to glucose, to synthesize lactose. These results show
that the expressed GT protein is fully functional and chat the binding sites for

UDP-galaccose , N-acetylglucosamine , glucose and alpha-lactalbumin are all intact

and operative. We have also engineered the cDNA sequences of

galactosyl trans f erase and alpha-lactalbumin, in such a way chac che expression of

Che cDNA sequences have a potential to produce either soluble and secreced forms
or membrane anchored forms of Che protein.
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Project Descripcion :

Objective:

To Determine a "Functional" Region or a Unit of a Protein .

Using the methodology of the recombinant DMA technology, we are developing
general methods to produce the normal and altered proteins. Mammalian and

prokaryotic expression vectors, and Baculovirus vector systems are engineered in

sucn a way that the same vector can be used to produce protein in quantities
enough to test its function, and as well to produce the engineered protein in

large quantities for determining various physical properties and X-ray
crystal lographic studies.

Major Findings :

Assembly of the DMA Sequence of Alpha (1-4) Galactosyl transferase (GT) and

Construction of GT Expression Vector :

A full-length bovine GT cDNA was constructed from a partial cDNA clone and a

genomic fragment containing 5 ' -end sequences of the cDNA. The bovine genomic
library was screened with a synthetic 100-mer oligonucleotide corresponding to

the extreme 5 ' -end sequence of a longest GT cDNA clone which lacked the

translacional start codon. The DNA restriction fragment carrying the 5 ' -end of

the cDNA was isolated, and sequenced to ensure that it contained sequences
covering the 5 ' -end region of the GT gene. The sequence data showed that the

DNA encodes the 18 amino-terminal end residues of the bovine GT which include
Che two in-frame methionines. The full-length cDNA was assembled on the

Okayama-Berg vector where its expression is under the control of SV^O promotor.
The resulting vectors, pLsGT and pLasGT contain GT cDNA in the sense and

antisense orientation respectively.

Expression of Bovine GT in COS-7 Cells :

Cos-7 cells were transfected with pLsGT, pLasGT, pSV neo DNA or mock
transfected. The synthesis of the RNA from these vector in the transfected
cells was monitored with the 3'-end DNA probes. The GT activity was measured
from the cell extracts.

Activity of the Expressed Bovine GT: Modulation of the Activity by

Alpha-Lactalbumin ;

There is about 12 fold increase in the activity of the extracts assayed in the
presence of N-acetylglucosamine (NAG) as an acceptor substrate, from pLsGT
transfected cells compared to the extracts from pLasGT- a vector carrying GT
cDNA in antisense orientation -, pSV neo DNA or mock transfected cells. This
increase in the activity corresponds to a 60 fold stimulation when assayed in

the presence of NAG as an acceptor over the samples assayed in its absence,
showing that the activity is absolutely dependent on the added exogenous
acceptor substrate. The expressed GT protein in pLsGT transfected COS-7 cells
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can be moduLaCed by bovine alpha-Lactalbumin Co accepc glucose as a substrate to

produce Lactose. There is a 10 fold increase in the Lactose synthetase activity
in the extracts from pLsGT transfected ceLLs compared to the extracts from

controls. These results show that the bovine GT protein expressed transiently
in COS-7 cells and coded by the cDNA is fully functional and that the binding

sites for UDP-galactose, NAG, glucose and alpha-lactalbumin are all intact and

operational

.

Immunological Identification of Bovine GT Expressed from cDNA :

The enzyme in the transfected cells from uhe sense GT cDNA is prec i p i '.ated by

the polyclonal antibody raised in rabbits against SDS-PAGE purified bovine milk

GT. The immunopel lets obtained by the precipitation of the antigen-antibody
complex with the second antibody, showed GT enzymatic activity.

A mouse monoclonal antibody directed against a fifteen residue Long synthetic
peptide, corresponding to the amino-terminal region of the cDNA encoded GT

protein, binds the expressed bovine GT and the immunoprecipi tates exhibit GT

enzymatic activity.

Engineering of the cDNA Sequences of 1-4 Galactosyltransferase and

a Ipha-L actalbumin ;

We have engineered Che GT cDNA sequence in such a way Chat some of the sequences

have a potential Co produce a 320-residue long soluble and secretory form of the

enzyme, and others a soluble form of enzyme with alpha-lactalbumin signal

peptide sequence and others a 401-residue long membrane anchored form of the

protein. These constructs are being used for the Localization of these and

other altered GT's in the cell and for the assignment of various functional and

interacting domains of GT protein.

Publ icat ions :

Masibay AS, Qasba PK. Expression of bovine beta (1-4) galactosyl transferase

cDNA in COS-7 cells. Proc Natl Acad Sci, 1989, vol. 86.
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SUMMARY OF WORK (Usa stanaarO unraaucaa ryp». Do not »icaa<3 0>a soaca onwoao.j

HIV assays have not yet been standardizea , and a comparison between assays,

although important, is not yet dependable. For example, a series of five papers

in Nature e/aluating soluble CD4 (sCD4) as a blocker of HIV infectivity were

divided two and three, for and against the efficacy of the blocking properties of

sCD4. With these results in mind, we developed a theory to account for the

hidden variables influencing the outcome of the experiments.

I

In our model, four unknown parameters characterize the virus under assay

conditions: shedding and inactivation rates, an infection rate, and the

! association constant for gpl20-sCDA interaction. These parameters can be

I

determined by experiments following certain protocols. Peter Mara is currently

carrying out some of these protocoLs at FCRF, and the results show that viral

infectivity assays and physical methods produce similar estimates of the

gpl20-sCD4 association constant. This is a considerable saving of experimental

effort since the viral infectivity assays are much less laborious than the

physical methods. Further experiments characterizing various viral strains and

their tropism for different cell lines are planned.
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Project Description!

Major Findings :

Much work to verify the assumptions of the model remains, but preliminary
findings support the assumption that viral infection proceeds at a rate directly
proportional to the number of gpl20's remaining on a virion, i.e, a virion with

80 gpl20's is twice as infectious as a virion with 40 gpl20's. This assumption
is crucial in determining the association constant of gpl20-sCD4 by infectivicy
assay. Determinations based on the infectivity assays published in Nature when

analyzed with our model, are compatible with values from physical methods.

Publ Lcat ions :

Layne SP, Spouge JL, Dembo M. Quantifying the infectivity of HIV. PNAS, in

press

.

Spouge JL, Dembo M, Layne SP. Analytic results for a model describing blocking
of HIV infection. Bull Math Biol, in press.
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SUMMARY OF WORK (Usa stanaan) unmoucaa ryp«. Oo not mcmO Oie soaea provtoaO.)

Because of Che increased size of databases, computer processing ot sequence data

requires efficient algorithms. Probably the most frequently used algorithms are

variants of the Needleman-Wunsch algorithm, used to align and compare two

sequences. Comparison of more than two sequences is a problem of current

interest, but this is even more computationally expensive.

A theory relating alignment efficiencies and inequalities directly was used to

develop several "new" algorithms, which were then tested empirically on the

Laboracory mini-computer. One of these was shown to have a clear superiority in

both time and memory requirements and is the fastest known algorithm for aligning

two sequences under NeedLeman-Wunsch single indeL weight penalties. Similar new

algorithms allowing multiple indel penalties (which are biologically more

realistic) were also tested and one was shown to be the best alignment algorithm

under multiple indel weights currently available. The theory is also applicable

to multiple sequence alignment.
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Project Descripcion:

Major Findings:

When scrucinized critically, previous improvements on the Needleman-Wunsch

algorithm, notably those of Fickett and Ukkonen, were based on inequalities.

Pursuing this observation methodically led to a theory which relates alignment

efficiencies and inequalities directly. This theory was used to develop several

"new" sequence alignment algorithms, which were then tested empirically. One of

these was shown to have a clear superiority in both time and space requirements

over the Fickett and Ukkonen algorithms and is therefore the fastest known

algorithm for aligning two sequences under the Needleman-Wunsch single indel

penalty scheme. Similar new algorithms allowing multiple indel penalties (which

are biologically more realistic) were also tested. One of these was superior to

the Miller-Myers algorithm, currently the best alignment algorithm under

multiple indel weights. Both improved algorithms have been written up and are

being refereed.

Moreover, the theory has ramifications far beyond sequence alignment. Almost

any physical law (Newton's laws, Fermat ' s principle in optics, Hamilton's

principle in mechanics) can be rephrased as a problem from the calculus of

variations. When discretized, problems from the calculus of variations become

problems in lattice path optimization. The theory can be used to speed up any

dynamic programming optimization of a lattice path, and so may have considerable

other uses. In biological applications, multiple sequence alignment can be so

reduced to optimization of a lattice path and the theory therefore provides a

convenient language, that of inequalities, for discussing improvements in

multiple sequence alignment algorithms.

Publ icat ions :

Spouge JL. Speeding up dynamic programming algorithms for finding optimal

lattice paths. SIAM J Appl Math, in press.
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SUMMARY OF WORK (Ua» sttnatra unnoucaa ryp« Do not axcaao tru soacm pimiama.)

A new approach to combination chemotherapy of AIDS has been developed in the

Theoretical Immunology Section. Dipyridamole (DPM) is widely used as an oral

agent for cardiovascular indications because of its platelet ant iaggregant and

coronary vasodilation activities. We recently found that DPM potentiates the

activity of azidothymi dine (AZT) and other dideoxynuc 1 eos ides against human

immunodeficiency virus (HIV-1) in cultured human monocyte/macrophages and

stimulated T-lymphocytes . In cultured human lymphoblastoid cells, DPM

potentiates the antiviral activity, and it also protects the cells from AZT's

cytotoxic effects. DPM does not potentiate the cytotoxic effect of AZT on human

bone marrow progenitor cells in vitro. These findings suggest the possibility
that DPM might increase the therapeutic index of AZT and, perhaps, other

dideoxynucleoside agents in vivo. However, the in vitro results cannot be used

to predict clinical efficacy or safety. AZT/DPM has been approved for study by

the AIDS Clinical Trial Group. Phase I trials are being planned, in conjunction
with collaborators. Other aspects under study:

I 1. Mechanism ; DPM blocks cellular uptake of physiological nucleosides but

j

not of AZT. The potentiation of AZT may thus result, in part, from decreased
influx of the nucleosides that compete with AZT for viral reverse transcriptase.

2. Molecular structure : A structure for DPM has been computed from the

crystallography. Quantitative structure-activity relationships are being studied
to predict which features of this class of molecules are required for activity.

3. Analysis of combination chemotherapy : Because no published algorithm or

computer package was adequate for analysis of our data on the antiviral etfect of

drug combinations, we have developed a new approach. The computer program
package, called COMBO, will be useful in the context of cancer as well as AIDS.
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Project Description ;

Major Findings :

1. Dipyridamole (DPM) modestly inhibits replication of HIV-l in cultured human

monocyte/macrophages; more strikingly, it potentiates the anti-HlV activity of

AZT and other dideoxynucleosides in those cells.

2. DPM potentiates AZT against HIV-l in human T-l ymphocytes (I.e.,

phytohemagglut inin-st imulated , IL2-st imulated mononuclear cells).

3. DPM potentiates AZT against HIV-l in a T-lymphoblas toid cell line (CEM-SS) and

also protects chose cells against the cytotoxic effects of AZT. Thus, the in

vitro therapeutic index" for those cells is greatly increased.

4. DPM does not potentiate the toxicity of AZT for human bone marrow progenitor

cells in a CFU^,^ assay.
GM

5. DPM inhibits uptake of thymidine by monocyte/macrophages, whereas it does not

inhibit uptake of AZT. This "differential transport inhibition" may be one of

tne mechanisms underlying the potentiation of AZT activity, but other effects are

probably operating as well.

6. DPM has been reported to induce interferon, but we find no such induction in

our studies. We do find, however, that HIV-infected monocyte/macrophages produce

alpha-interferon, at least part of which is acid-labile. This interferon may

give rise to some of the debilitating symptoms of AIDS, and it has been reported

as an early predictor of the onset of clinical disease in infected individuals.

7. DPM does not bind as strongly to serum proteins as has been suggested by less

extensive studies in other laboratories. This finding is favorable with respect

to the possibility of achieving clinically effective concentrations in vivo.

8. A new algorithm has been developed (in collaboration with Dr. B. Bunow,

Civilized Software, Inc.) for analysis of data on drug synergy and antagonism.

The method starts with a series of expressions based on enzyme kinetic models and

heuristic principles. A program package called "COMBO" was developed to perform

the following casks, operating in the MLAB computing environment: (i) globally

fit each model by least squares regression with constant weights; (ii) use Che

results in a windowing technique to generate updated weights; (iii) repeat

regression with the updated weights; (iv) iterate the previous two steps; (v) use

a combination of normal theory and Monte Carlo techniques to determine confidence

limits on the fitting parameters; (vi) construct a set of derived parameters that

express various aspects of synergy, potentiation, and antagonism; (vii) calculate

confidence limits on those constructed parameters; (vii) produce graphical

displays of the error model, the residuals of each fit, and the contours of

equipotent drug effect.
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P'jbL Lcations :

Szebeni J, WahL SM. Popovic M, Wahl LM, Gartner S, Fine RL, SkaLeric U, Friedman
RM, Weinstein JN. Dipyridamole potenciaces Che inhibition by azidochymidine and
other dideoxynuc Leosides of human immunodeficiency virus replication in
monocyte/macrophages. Proc Natl Acad Sci USA 1989 ;86 : 3842-3846

.
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We are studying the molecular organization of the cell envelope of the leprosy
bacillus (MycobacCerium leprae) by the analysis of high-resolution freeze-fracture
images of the bacteria. The crystalline patterns found in these micrographs will be

characterized by laser optical diffraction. Because M. leprae is noncultivable in

vitro, liver fragments from infected armadillos and nude mice are used. We are

comparing the structure of the envelope of the leprosy bacillus with that of other
pathogenic mycobacteria: ti. lepraemurimn and M. avium. It is our aim to inves-
tigate the structural basis of mycobacterial escape from destruction inside the

macrophage

.
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PROJECT DESCRIPTION

Major Findings :

The major goal of our project is to study the structure of Mycobac cerium leprae
and the interaction of the mycobacteria in vivo with the macrophage in experi-
mental animals and in human patients. This mycobacterium is responsible for

leprosy, a disease that severely impairs 12 to 15 million human beings with no

effective vaccine available, and with a therapy that often is of only incom-
plete success. Infections by other mycobacteria are also under study, in

particular those induced by M. lepraemurium, the agent of murine leprosy and M.

avium that is responsive for frequent and often fatal infections in AIDS
patients. The experimental mycobacterial infections are conducted by Dr. A.

Aguas and by Professor Teixeira da Silva at the Center for Experimental
Cytology, Porto, Portugal. The tissue specimens sent from Portugal are used to

study by freeze—fracture electron microscopy the molecular organization of the

different layers that make up the cell envelope of the leprosy bacillus. The
results will be compared with those obtained from freeze—fracture experiments
of other mycobacterial species and will integrate data obtained by "fracture-
label" and thin section electron microscopy to be obtained by our Portuguese
colleagues

.

Our preliminary freeze-fracture experiments reveal that the cell envelope of
mycobacteria comprises multiple layers of lipids in crystalline arrays with a

hexagonal patterning. The discovery of this repetitive arrangements prompted
us to start a collaborative effort with the Electronics Department of the

Engineering Faculty of Porto in order to define the precise molecular arrange-
ment of these crystalline arrays by laser optical diffraction. We have also
found out that the different mycobacterial species (M . leprae, M. lepraemurium,
M. avium and M. smegmaCis) studied during in vivo infections in mice show
distinct intracellular fates in liver and peritoneal macrophages. Most of M.

leprae bacilli were seen in the cytoplasmic space without any membrane lining.
M. lepraemurium were seen inside phagosomal vesicles, but produced a compact
layer of cylinders or tubules that separated them from the remainder contents
of the phagosome. M. avium may also synthesize a capsule—like material inside
the phagosome, and H. smegmaCis was invariably seen unprotected inside the
macrophage phagosomes

.

At a later stage of the project, we plan to study the biochemical composition
and the structural arrangement of the phagosomal membrane that limits intra-
cellular mycobacteria. This is because one of the mechanisms that has been
postulated to explain the survival of mycobacterium inside the hostile environ-
ment of the macrophage is a mycobacteria-induced inhibition of lysosome-
phagosome fusion in infected macrophages. Our hypothesis is that the mycobac-
teria will in some way change the structure and/or composition of the phago-
somal membrane so that its cytoplasmic side becomes refractory to lysosomal
fusion.

Publications :

New project; no publications.
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The vast majority of sequence analysis programs available to date are designed to

allow users to detect contiguous sequence fragments that occur more frequently

than other contiguous motifs. However, substantial experimental evidence

indicates that specific functions of nucleic acids fragments are rarely

associated with single, simple sequence motifs. The patterns responsible for

biological function are most often non-contiguous and consist of several short

oligonucleotides separated by gaps of variable length and composition. In view

of the ongoing large sequencing projects reliable procedures for physical mapping

of DNA functional domains will be invaluable. To make reliable maps one needs

reliable criteria that distinguish between sequences involved in different

functions. Non-contiguous pattern analysis already has provided a substantial

number of criteria for distinction between protein coding genes, introns, and

illegitimate recombination sites. It is believed that by using this methodology

various kinds of regulatory regions within repetitive DNA sequences will be

mapped unambiguously.
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Project Descripcion :

Major Findings :

Ac present extensive statistical analyses of large collections of sequences chat

have variable length and composition are performed on the CRAY. The FORTRAN
programs written for this purpose (in the period 1986-1989) can be divided into

three categories:

1) Detecting scat i s C ical
L y significant occurrence of contiguous patterns,

2) Analysis of occurrence of non-contiguous patterns and

3) Predicting putative biological roles of any user-specified sequence.

The programs utilize libraries of functionally equivalent sequences (Introns,
Exons, Bacterial genes, tRNAs , Spacers, Upstream regions. Downstream regions.
Recombination sites and so on). For this reason we developed a procedure to

keep our libraries of sequences in a form suitable for statistical analyses.

The following are the most important results obtained thus far from Che analysis
of large collections of functionally equivalent sequences:

1) Intron sequences are generally non-random which is in contradiction with the
former prevailing view.

2) Several non-contiguous patterns (like two base periodicity or clustering of
dinucleot ides ) are 'intron specific' and do not occur in exons or non-alu
repeaced DNA sequences.

3) Exons and bacCerial genes also display periodic non-cone iguous patterns but
the period is three bases (and not two as in introns).

4) Introns might be the hot-spots for illegitimate recombination since several
similar non-contiguous patterns have been observed in the sequences of
eukaryotic non-homologous recombination sites.

5) Compositional complexity of intron sequences is generally lower than in

exons. This effect is strong enough Co permit correct mapping of introns in

pre-mRNA sequences.

Publications :

Konopka AK, Chatterjee D. Distance analysis and sequence properties of
functional domains in nucleic acids and proteins. Gene Anal Techn 1988;5:87-93.

Konopka AK, Owens J. Non-cont inguous patterns and compositional complexity of
nucleic acid sequences. In: Bell G, Marr T. (Eds) Computers and DNA.
Addison-Wesley Longman, in press.
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Konopka AK, Owens, J. Charts can be used to map functional domains in DNA. Gene

Anal Techn 6, in press.
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Rare DNA rearrangements that require no extended sequence similarity (of parental

molecules) can cause severe genetic alterations of chromosomal fragments in

somatic cells. Thus far about 600 parental sequences for this kind of

crossing-over are known. It is expected that their number will increase with the

rate 50-100 per year. The purpose of this new project is to store available data

on illegitimate recombination in one place. Another goal is to provide simple

tools for experimental molecular biologists to decide if newly sequenced DNA

fragments contain potential recombination 'hot-spots' or not. The research part

of this project concerns analysis of known sequences and possible elucidation of

mechanisms for non-homologous recombination. Methods of sequence analysis and

molecular modeling have been applied thus far.
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Project Description ;

Major Findings :

Studies of sites stored in our database have shown that Topoi some rase I cleavage
sites and runs of purines are major sequence features in the close vicinity of

the breakpoint. It has also been shown that those parental sequences that

include five or more contiguous purines are associated with at least one Topo I

cleavage site. This and other evidences suggest that unusual (non-B) DNA
structures might serve ^s intermediate in many instances of non-homologous
recombination. Thus far we have studied one such unusual DNA structure: DNA
tetraplex with purine strands in parallel orientation. We were able to show
that this structure and the Holiday junction can be resolved in a similar way.

Publications :

Konopka AK. Compilation of DNA strand exchange sites for non-homologous
recombination in somatic cells. Nucleic Acid Research 1988;16:1739-1758.

Konopka AK. Sarai A, Htun H, Maizel JV. CSH meeting on intermediates in

non-homologous recombination. 1988; 169.
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This project is an attempt to find a fundamental theory of how macromolecules

operate. The study began by asking how molecules such as repressors, polymerases

and ribosomes are able to locate specific patterns (binding sices) on DNA or RNA.

The methods of information theory so successfully used by electrical engineers

and computer scientists were applied to this problem. Using these tools, we can

show quantitatively that the amount of pattern in the binding sites is just

sufficient for the sites to be located in the genome (Schneider 1986, Schneider

1988, Schneider 1989). To explain these results, a general theory is being

developed that quantitatively explains the precision macromolecules exhibit while

performing their tasks. The theory ties Shannon's communications theory to

molecular biology.

The techniques being formulated in this project include pattern searching
techniques that are more precise than the well known ''consensus sequence'', and

a general cloning technique that can be used to quantitatively define the

patterns of a binding site or oc.-.er functional region of nucleic-acid sequence.

The project involves three lines of work: (1) analysis of known DNA or RNA

binding site patterns to test the hypothesis that the pattern at binding sites is

related to their number in the genome; (2) bench work to dissect those binding
sites which provide critical tests of the theory; and (3) extension of the theory
to describe all specific molecular interactions.
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Project Description ;

Major Findings;

Genetic regulation always requires patterns of nucleotide sequences in DMA or
RNA. The complexity of these patterns can be described in terms of the number
of bits of information 'stored' in them. (A bit is the amount of information
needed to distinguish between two equally likely possibilities.) For example,
ribosome binding sites carry an average of 11.0 bits of Lnformation. The
ribosome must be able to distinguish its binding sites from all of Che other RNA
patterns in the genome. From the size of the genome and the number of sices, we
can predict that ribosomes need at least 10.6 bits of information to find the
sites. Thus there are two independent measures chat are strikingly close. This
is true not only for ribosome oinding SLtes, but also for other genecic concroL
systems. Thus the binding site pattern complexity (information) appears to be
just sufficient for the pattern to be found in the genome. I hypothesized that
binding sites from all organisms (procaryotic, eucaryotic and viral) should
always contain the amount of information that is needed for the sites to be
located, but not more.

There is a extraordinary exception to this hypothesis. When bacteriophage T7
infects E. coli, it replaces the host polymerase with a new polymerase that
binds to a set of promoters on the phage genome. The patterns at these
promoters have 35 bits of information, far in excess of the 17 bits that should
be needed to locate them. If the excess information is not used by the
polymerase, then the polymerase should accept patterns containing less
information. To test this, many T7 promoters variants were chemically
synthesized and sequenced. The amount of information that the polymerase alone
requires is 18 ± 2 bits, which dramatically confirms the original hypothesis.
The extra information is likely to be the binding site of inocher protein.

In the last year, the mathematical theory was extended to establish direct
relationships between the foundations of information theory and molecular
biology. The extended theory will allow electrical engineers, physicists,
thermodynamicists and mathematicians to apply their specialized knowledge
directly to many problems in molecular biology.

The theory is about 'molecular machines', which are those macromolecules capable
of making distinct choices. For example, EcoRI acts as a molecular machine in

three ways: (1) by binding to DNA, (2) by locating the sequence 5' GAATTC 3' on
random DNA sequences, and (3) by cutting the DNA. The second 'operation' is, of
course, a binding site recognition, so the new theory is an extension of the
previous work on binding sites. However, the new theory also describes machine
operations that appear at first glance to be very different, such as the capture
of a photon by the light sensitive pigment rhodopsin. An excited rhodopsin
molecule must be able to avoid going backwards to its original state, rather
than forwards to the bathorhodopsin state. (A chemical cascade amplifies the
bathorhodopsin state 400,000 times and leads to a nerve impulse. Because of
this we can see single photons of light.) Thus rhodopsin must make a tiny
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''decision'' about whac Co do, and how it does this may be studied using

information theory.

The first major step in constructing the new theory is establishing an upper

bound on what a molecular machine is capable of doing, namely its capacity. The

formula for machine capacity is related to Shannon's famous channel capacity for

communications systems, C = W Log (P+N/N). To be sure that I am placing the

theory on a rigorous theoretical basis, I have been in close consultation with

several NIH scientists both in Frederick and in Bethesda.

Once the machine capacity formula has been determined rigorously, several

results immediately follow from Shannon's 'precision theorem'. When applied to

molecular machines, this theorem states that so long as the machine capacity is

not exceeded, the error rate may be made arbitrarily small. This result is

applicable to every macromolecule studied by molecular biologists, and it

resolves many apparent mysteries in the current literature. For example,
Rosenberg's group has been unable to understand how the restriction enzyme Eco RI

is capable of binding precisely to the pattern 5' GAATTC 3', without detectably
binding to other hexamers. The reason for this ''specificity'' is that Eco RI

does not exceed its capacity, so its error rate may be tiny, in accordance with
the theorem.

Using this theorem, one can also prove that there is a precise minimum amount of

energy that a molecular machine must use to gain one bit of information, kT In.

This result is counter to the current thinking by many physicists. In

determining this bound, I found a surprisingly deep relationship: the channel
capacity is an extension of the second law of thermodynamics. This has been
unrecognized for the past 40 years.

The idea of building molecular computers has intrigued many people in the last

few years. This theory contributes to that field by showing chat single
macromolecules can perform precise Boolean logic if they do not exceed their
capacity.

Publ icat ions :

Schneider TD. Information and entropy of patterns in genetic switches. In:

Erickson GJ, Smith CR, eds. Maximun-entropy and bayesian methods in science and
engineering. Dordrecht, The Netherlands: Kluwer Academic Publishers, 1988;
147-154.

Schneider TD, Stormo CD. Excess information at bacteriophage T7 genomic
promoters detected by a random cloning technique. Nucleic Acids Research,
1989;17:659-674.
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SUMMARY OF WORK lUse stanaarx] unreaucea type. Oo not axcaeO tne soece orovideil.)

HIV-1, like all other replication competent retroviruses, encodes a protease
[PR] which is responsible for the specific cleavage of Pr55S^§ and Prl50S^S~
P°-'- into the mature gag derived structural proteins pl7,p24,p7 and p6, and the

pol derived protease [PR], reverse transcriptase [RT] and the endonuclease,
the integration protein [IN], necessary for the virus maturation. The 297bp
gene coding for the HIV-1 PR was chemically synthesized and expressed in E.

coli . This method has the advantage for conducting rapid mutational analyses.

In order to determine the functional role of the second conserved GlyArgAsn
sequence, substitution mutations were introduced into this region (Arg87 ->

Lys; Arg 87 -> Glu; Asn 88 -> Glu) of the PR gene using the wild-type clone.

The products of the mutant and the wild-type clones were expressed at

approximately similar levels at 30 minutes of induction but the mutant PR

proteins accumulated as a fxinction of time of induction, unlike the wild-type
PR which declined after 60 minutes. The product expressed from the wild- type
clones exhibited specific cleavage of gag related polyprotein and peptide
substrates spanning different cleavage sites in the gag - pol polyprotein while
the mutant clones were completely devoid of proteolytic activity. Further
characterization of these and similar mutant PRs may aid in understanding the

structure- function relationship of the essential regions and ir the design of

specific inhibitors capable of recognizing the viral PR but not the related
PRs of the host.
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Construction of mutant protease clones :

We had earlier shown the expression of the 99 amino acid polypeptide product
of the synthetic PR gene in E. coli , which corresponds to the 11.5 kDa PR
protein in the virions, and the specific proteolytic activity of the expressed
product was demonstrated using synthetic substrates. The wild-type clone
bearing the correct coding sequence of 297bp was used to introduce mutations
in the second conserved region, located at the C-terminal domain of the
protease protein. The three mutants that were constructed were Mut3-ll
(Arg 87 -> Lys; maintaining a positive charge on the side chain), Mut4-1
(Arg 87 -> Glu; shortened and negatively charged side group), and Mut5-10
(Asn 38 -> Glu; a major change to a negatively charged and longer side chain).

Comparison of the expressed PR of wild-type and mutant clones :

The products expressed in the mutant clones were identical in size and amoiints

to the wild-type product (11.5 kDa) after 30 min of induction. Immunoblotting
of the gene products of the wild-type and mutant clones as a function of time
of induction using ImM IPTG, showed that the expressed product in the wild-
type clone accumulated to a maximum at 30 min of induction, after which the
level of PR rapidly declined. A similar pattern of accumulation of the
product was observed with the reconstructed wild-type clone, with a maximiam at
45 to 60 min of induction. In contrast, all the mutant clones showed an

accumulation of product as a function of time up to 2h. The amount of PR was
two to three fold higher at 2h than after 30 min of induction.

Loss of protease activity by the introduced mutations :

The specific proteolytic activity of the expressed products derived from wild-
type and the mutant clones Mut3-ll, Mut4-1, and Mut5-10 were analyzed using
synthetic peptides, one of them corresponding to the HIV-I pl7-p24 cleavage
site in the natural gag polyprotein, as well as using a E. coli expressed gag
polyprotein substrate. Extracts from induced wild-type clones, showed
specific cleavage of the synthetic nonapeptide Val-Ser-Gln-Asn-Tyr-Pro-Ile-
Val-Gln-amide. Based on the kinetics of substrate cleavage, . the apparent
specific activity was estimated to be 40-50 pmoles substrate per min/ug
protein. When using the GAG4 polyprotein, cell lysates derived from induced
clone PR-C showed specific cleavages at Tyr/Pro, Leu/Ala and Met/Met to
release a major 24 kDa and minor 26 kDa products. Neither the mutant cell
extracts which had comparable or higher levels of expressed PR nor the
uninduced wild-type extracts were capable of cleaving either the synthetic
peptide or GAG4 substrates

.

Modeling studies with HIV-l PR dimer (in collaboration with A. Wlodawer,
NCI-FCRF) indicated that the side-chain of the Arginine 87 reaches into the
active site and in fact belongs to the cleft floor where the substrate rests
and it has been suggested that it might interact by ion pairing with the
similarly highly conserved Asp29. Preliminary studies indicate that the
substrate was capable of binding to this mutant protease.
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Conditions have been established for the purification of the enzyme to more

than 90% homogeneity. This has been accomplished by ammonium sulphate

fractionation, hydrophobic interaction, pepstatin binding, ion exchange and

gel filtration chromatography. Routine screening of compounds for enzyme

inhibition studies is now being established (in collaboration with S. Oroszlan

and E.M. Wondrak, NCI-FCRF).

Other studies involve understanding the processing of the entire gag - pol

polyprotein both in E. coli and mammalian cells to define the order of

cleavage of the precursor and the mechanism of self -processing of the

protease. Progress is being made in establishing a system for the over

expression and rapid purification of the wild-type and the mutant PRs as a

fusion to the E. coli maltose-binding protein. The mutant PR co-crystallized

with the substrate will be used to study the 3-D structure of the substrate-

enzyme complex. The structure function relevance of the region GlyArgAsn

especially that of Arg87, which is unique in retroviral proteinases unlike in

pepsins, will be further explored. Similar mutational analysis will be

carried out to find essential and unique regions of the viral PR which do not

occur in mammalian PRs. This may help in designing specific inhibitors.

Publications :

Louis JM, Wondrak E, Copeland T, Smith CAD, Mora FT, Oroszlan S. Chemical

synthesis and expression of the HIV-1 protease gene in E. coli , Biochem

Biophys Res Comm 1989;159:87.

Louis JM, Wondrak EM, Smith CAD, Mora PT, Oroszlan S. E. coli expressed HIV-1

protease mutants containing Arg87/Asn88 substitutions are inactive. In: Wimmer

E, Oroszlan S, eds. Viral proteinases as targets for chemotherapy. New York:

Cold Spring Harbor Laboratory, 1989; in press.
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SUMMARY OF WORK (Usa stanaam unraaucaa rypm. Oo not axcaaa tna soaca pmviaaa.)

P53 full length cDNA clones were obtained from 312 Balb/c mouse cells in which
,

the p53 is not in complex with the SVAO T antigen. Upon sequencing these p53
genes mutations were detected. The inability of these p53 gene products to

complex with the SV40 T antigen is apparently due to these mutations.
j

The current turn-around in the suggestions on the possible role of p53 in
j

tumorigenesis (is p53 an oncogene or an antioncogene?) is being discussed I

critically in the context of our experimental findings during the past several

j

years. The role of p53 in tumorigenesis, after ten years, is still only
j

hypothetical.
j

We have found a consistent correlation of p53 mRNA and protein expression with
embryonal differentiation which was retained during evolution of the
vertebrates. We now extended such type of observations to the induced
differentiation of the mouse embryonal carcinoma cell line PCC4 in tissue
culture to fibroblastic cells and to adipocytes. In the same system very
large changes (increases) were observed in the mRNA for c-abl and c-fos
oncogenes upon the induced differentiations. The c-abl gene has homology to

the tyrosine kinase gene and we are exploring the possible role of this
induction in differentiation by transfection experiments.

The experimental work has been terminated on p53 in this laboratory.
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Major Findings ;

1. Complexins of the SV40 large T Ag with p53

We found earlier (Virology 155:132-147,1986) that in a whole family of Balb/c
3T12 cells, the p53, after SV40 transformation, is not in complex with the
SV40T antigen. We cloned out p53 cDNA from two such cells, 3T12-3 a Balb/c
embryo mass cell line, and 3T12-TC a tumor cell line which was reestablished
from a tumor induced by the Balb 3T12 mass line and then grown out from a

single cell clone. We sequenced the two full length cDNA p53 clones (work

with K. Chandrasekaran) and found that the 3T12-3 p53 had a mutation at Ala
135 -> Val, and the 3T12 TC had a mutation at Tyr 233 -> Asp, as compared to

other mouse p53 molecules, including a putative wild type mouse p53. (A p53
cCNA clone obtained from the F9 embryonal carcinoma cell was designated by

some investigators recently as wild type on the basis of studies on mutation
which are required to activate the p53 gene for cooperation with the ras

oncogene for transformation for cell growth in culture.) The full length cDNA
clones isolated by us are the first natural mutants where the inability of

complexing with T antigen seem to be caused by mutations. Now numerous such
non complexing p53 molecules (mutants?) have been observed.

In 1986, the small group of scientists engaged in p53 research received our

results on the non complexing of the T antigen and p53 skeptically, as the

interaction with the SVAO T antigen was thought to be general. Furthermore,
then the various speculation on the possible function of the p53 centered
around how the transformation of a cell occurs by p53 (which was thought to be

a dominant nuclear oncogene) , and how in case of complexing with the T antigen
the p53 effective concentration increases by the stabilization of the 53,

(which in the free form has indeed a short half life). Also, numerous papers
were published claiming that p53 occurs either in larger quantity or possesses
a longer half life in tumor cells than in normal cells. These studies were,

however, inadequate to make such a conclusion as they lacked controls:

normal cells on which the comparisons can be based.

The p53 was first detected in my laboratory in SV40 transformed mouse cells

and was brought to the attention of virologists. However, my laboratory
detected p53 in large amounts only in SV40 transformed cells, and we observed

no discernable difference in quantities in normal cells, or in non-SV40

transformed but highly tumorigenic spontaneously transformed derivative cells

derived from the normal cells. We published this in 1979. In 1982 my group

published a paper in which we carefully compared the amount and the half life

of p53 in two sets of cells derived from cloned normal non-tumorigenic cells,

but also containing direct derivative cloned cells with very high
tumorigenicity; there were no differences in p53, and the half life was

uniformly short (<30 min). In 1986 we confirmed these by measuring steady

state levels of p53 in Western blots using the monoclonal antibodies which
became available and published such findings. For these reasons I remained

critical of the designation of the p53 as an oncogene (acting in dominant

fashion). However, such a designation became accepted generally after the

publication in 1984 that the p53 gene cooperates with the ras gene in

transformation of cells upon co-transfection, thought to be a hallmark
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of the nuclear oncogenes. Recently, a paper was published claiming that
mutations are required to activate the p53 gene for cooperation with the ras

oncogene and for transformation (Hinds et al. , J Virology 1989). By this work
the "wild type" p53 was designated as represented by the cDNA clone from the
F9 embryonal carcinoma cells, which alone out of numerous cDNA and genomic p53
clones activates the p53 for this cooperation with the ras oncogene. It is

also concluded by the authors who carried out the transfection experiments
(and until now, used as the crucial argument to support the dominant oncogene
theory) that inadvertantly all of their previous experiments used mutant p53
genes for the transfection experiments. Now a new theory was proposed. This
theory is based on the observation that the transforming potential of p53
seems to be activated by a wide variety of mutations throughout the protein,
suggesting that the activation of the p53 transforming potential is due to

inactivation of a wild type p53 activity. This new theory proposes that the

p53 mutants function in transformation by acting as dominant inhibitory
proteins, that block the activity of the wild type endogenous p53 which should
be designated as a recessive anti-oncogene (similar to the retinoblastoma
gene). Recently two colorectal carcinomas were analyzed (Baker et al.

,

Science 244:217-221,1989) and in both cases mutations were detected in the

p53, and a possible suppressor gene activity of the wild type p53 was also
postulated. As both the retinoblastoma gene product and p53 interact with the
large T antigen of SV40, it is indeed possible that the large T-antigen
functions in SV40 transformed cells as an oncogene because the binding of its
gene product inactivates the suppressor function of the Rb protein (or p53).
(Similarly, the adenovirus EIA may contribute to viral oncogenesis in
adenovirus 5 transformed cells by binding the Rb protein [and p53]; the
binding of p53 occurs, however, solely with the adeno 5 EIA). These are
interesting suggestions on the Rb gene which still have to be proved. As far
as p53, unlike in the case of the Rb gene, of course, this is pure
speculation. There were no genetic inheritance studies done in families to

suggest the role of p53 in a specific cancer. The analogy, based on T antigen
binding may be only formal and not reflective of function. However, it is

indeed ironical that at least two formerly very active proponents of the
dominant oncogene theory of p53 turned completely around, and now advocate
that p53 is an anti-oncogene.

The work in this laboratory on the non complexing of p53 from Balb/c cells,
summarized in the first paragraph of this section, was initiated more than two
years ago to clarify the questions of p53 complexing to T antigen and in

transfection experiments the possible role of p53 in cellular transformation
to tumorigenicity. The mutations we observed, the non complexing with the T
antigen, the absence of recognition of an epitope by the anti-p53 conformation
dependent monoclonal antibody pab-246, all can be considered now by the
changed outlook as acceptable and fitting to the new theories, and the non
complexing of many cellular (mutant) p53, first observed in our laboratory,
are now rapidly confirmed in many cells. We have not yet carried out the
transfection experiments as all of our laboratory experiments in the last six
months have been on the protease of the HIV-1 virus. However, we are planning
to complete these transfection experiments through our collaborators at
laboratories elsewhere.
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In summary, the proposal that p53 has a role in tumorigenes is, by any
mechanism, remains as yet unproven. Further work is necessary to clarify
what is the biological function of p53.

2. Differentiation and expression of oncogenes

a) P53 in chicken embryogenesis : We have observed a general decline during
embryonal development of both mouse and chicken in the steady state levels of

the p53 protein, and an equal decline of p53 mRNA, as measured by Western and
Northern blots. From various other measurements, including nuclear run-on
analysis of p53 mRNA, half life determinations, etc., we concluded that (i)

the down-modulation of p53 mRNA (and of protein) during embryonal development
has been conserved during the evolution of the vertebrate. This implies, but
certainly does not prove, that the p53 protein may have a function in

embryonal development. A sequence homologous to the mammalian p53 in fish
cell has been detected. This opens the way for possible extension on the
evolutionary scale the above observations on mammals and birds to fish. These
experiments, with F. Hetrick, were also put on hold, to concentrate on the
HIV-1 protease.

b) Changes in various oncogene expressions in induced differentiation in cell
culture : In a collaborative work with A. Jetten (NIEHS) the induced
differentiation of the PCC4 embryonal carcinoma cell line was studied. Upon
addition of retinoic acid the PCC4 cells became in four days distinctly
fibroblastic, and increased their doubling time from 12 to 24 hrs. These
fibroblastic cells (denoted as PCD cells) can be further differentiated by the
action of the glucocorticoid hormone dexamethason , when they become contact
inhibited (within one day) in crowded cultures and they stop dividing and do

not synthesize thymidine. After 4-5 days 80-90% of these cells then become
adipocytes. The amount of p53 mRNA declines 70% during this last
differentiation to adipocyte cells. We have also measured the mRNA of

numerous proto oncogenes. Significant changes occurred in the level of the

expression of abl i.e., a 30x increase rapidly ( in 6 hrs) upon addition of the
retinoic acid (these very high levels of the abl remained throughout the rest
of the differentiation to PCD and adipocyte cells) and also an 8x increase in

824 hrs in c-fos, which remained elevated (5x) in the adipoccytes. Scr

expression declined 80% in the PCD cells, and became almost undetectable
(0.3%) in the adipocytes. Ha ras , K- ras , and raf expression declined in PCD

and adipocyte cells 70-80%. The possible significance of all these changes is

being further evaluated in Dr. Jetten 's laboratory. The induced
differentiation of the PCC4 cells, when at their stage of PCD cells they stop
dividing but continue to differentiate to adipocytes, allows the segregation
of the observed effects in differentiation (such as the decline in p53 levels)

from that which may occur because of changes in cell division. Much of this
work is being prepared for publication. All experimental work was also
suspended in our laboratory during the past six months.

The c-abl gene has homology to the tyrosine kinase gene, and we plan to

explore the possible role of the above observed very rapid and large induction
in cellular differentiation by transfection experiments in Dr. Jetten 's

laboratory.
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The interesting finding on the 3~adrenergic regulation of c-fos gene
expression in an epithelial cell line is being further worked on by

E. Kousvelari at the NIDR.

Searching for proto oncogenes in established fish cell lines is also being
brought to a conclusion. This work is now being carried out essentially in

other laboratories (LTCB, NCI, and by F. Hetrick at the University of
Maryland). Plans are being developed for further work, at the University of
Maryland, possibly tying this work to the appearance of tumors in fish.

Experimental work in this laboratory is terminated on all of the above
projects.

Publications :

Louis JM, McFarland VW, May P, Mora PT. The phosphoprotein p53 is

down-regulated post-transcriptionally during embryogenesis in vertebrates,
Biochim Biophys Acta 1988 ;950: 395-A02.

Kousvelari E, Louis JM, Thang L, Curran T. Regulation of proto-oncogenes in

rat parotid acinar cells in vitro after stimulation of 3-andrenergic
receptors, Exp Cell Res 1988; 179: 19A-203.

Yeh C-K, Louis JM, Kousvelari EE. fi-adrenergic regulation of c-fos gene
expresssion in an epithelial cell line, FEBS 1988;240:118-122.

Smith CAD, Louis JM, Hetrick FM. Presence and transcription of the p53
oncogene in the EPC cell line, J Fish Dis 1989;11:525-530.

Mora PT, Winterbourne DJ, Smith CAD. A clonal analysis of malignancy,
Bioscience Rep 1989, in press.

Read-Connole B, Smith CAD, Hetrick F. Sequence homologous to mammalian proto-
oncogenes and their expression in fish cell lines, J Aquat Animal Health 1989,
in press.
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1. In vivo anti-tumor activity of CD3-AK cells. (A). CD3-Ai<. cells were

induced by activation of mouse splenocytes with aCD3-AK antibody. The

conventional LAK cells were induced by activation of mouse splenocytes with

purified- human recombinant IL-2. We found that different tumors showed

different degrees of susceptibility to the in vivo killing by CD3-AK or LAK

cells and the results also correlated with the in vivo effect of the killer

cells on these tumors. A plasmacytoma P815 was much more susceptible to the

killing by CD3-AK than by LAK cells, and the in vivo growth of P815 cells was

inhibited by simultaneous inoculation of CD3-AK and was not affected by LAK

cells. In contrast, a melanoma JBMS was susceptible to the killing by LAK but

was resistant to CD3-AK mediated killing, and the ui vivo growth of JBMS was

retarded by LAK cells and was not affected by CD3-AK. Due to the ability of

CD3-AK to expand rapidly in vitro . CD3-AK may be an attractive candidate for

immunotherapy of susceptible tumors.

2. Mechanisms for lymphocyte-mediated cytolysis. (B). Two subsets of

killer cells were induced by aCD3 . The killer cells that were maintained in

IL2 and aCD3 (CD3-AK''') induced fast lysis, whereas the killer cells that were

maintained in IL-2 alone induced slow lysis. Protein kinase C (PKC) was not

required in fast lysis but was required in slow lysis. Cytolytic granules

might be involved in fast lysis but had very little effect in slow lysis. On

the other hand, cytokines such as IL-2, IL-4 and TNF were involved in slow
lysis but had no effect in fast lysis.

!
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Major Findings :

I. Tumor Immunobiology ; In Vivo Antitumor Activity of CD3-AK and LAK Cells .

CD3-AK cells were induced by activation of mouse splenocytes with aCD3
antibody. LAK cells were induced by activation of mouse splenocytes with '

purified human recombinant IL-2. We found that different tumors showed
different degrees of susceptibility to the j^ vitro killing or i^i vivo anti-
tumor activity of CD3-AK or LAK cells. The mastocytoma P815 was much more
susceptible to the killing by CD3-AK than by LAK cells whereas a melanoma JBMS
was more susceptible to the killing by LAK than by CD3-AK cells. Testing by
the _in vivo tumor neutralization experiment, the growth of P815 cells was
inhibited by CD3-AK and was not affected by LAK cells. In contrast, the
growth rate of JBMS was retarded by LAK cells and was not affected by CD3-AK.
We are recently testing the in vivo antitximor activity of CD-3-AK cells on a

methylcholanthrene- induced sarcoma T-92 which was susceptible to the killing
by both CD3-AK and LAK cells. Our data obtained so far showed a good
correlation between the in vitro and in vivo anti-tumor activities of CD3-AK
and LAK cells. Due to the fact that CD3-AK can be rapidly expanded in vitro
in a relatively short period of time (a 100 fold increase in 1 week), the CD3-
AK cells may be an ideal candidate for the use in immunotherapy of susceptible
tumors.

II. Regulation and Control of Immune Response .

1. Mechanisms for lymphocyte-mediated cytolysis.

Our understanding of the mechanisms for lymphocyte-mediated cytolysis has been
facilitated by the rapid progress in molecular immunology and availability of
_T cell clones in large quantity. The demonstration of cytolytic granules
involved in lymphocyte-mediated cytolytic reactions has aroused considerable
interest in this field. Most of the studies dealt with cytolytic lymphocytes
that mediate fast lysis which was demonstrated by a short-terra 4-6h ^•'Cr

release assay. There were other sets of cytolytic lymphocytes that mediated
slow lysis, which required 16-20h to complete the lytic reactions. During our
studies on the characterization of CD3-AK cells, we found that CD3-AK cells
that were cultured in the presence of aCD3 (CD3-AK ) mediated fast lysis, and
CD3-AK cells that were cultured in the absence of aCD3 (CD3-AK") mediated slow
lysis. It was further shown that direct activation of T cell receptor (TCR)
complex resulted in fast lysis and T cell activation signal which by-passed
the TCR (e.g., PMA) could induce slow lysis. In activation phase protein
kinase C (PKC) was required for the activation of the activated killer cells
that activated fast lysis or slow lysis. However, in lytic reactions, fast
lysis was PKC independent, whereas slow lysis was PKC dependent. These
findings suggested that in slow lysis, an activation phase preceded the lytic
phase. We found that different cytokines might be involved in slow lysis,
whereas cytolytic granules only involved in fast lysis. Therefore, different
pathways might be involved in lymphocyte-mediated cytolysis.
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2. Requirement of PKC in the activation of killer cells.

The requirement of PKC varies in the activation of alloreactive CTL, CD3-AX

and LAK cells. For allosensitization, both proliferative response (PR) and

cytotoxic response (CR) were strictly PKC dependent. For aCD3 activation, P.R

was partially PKC dependent and CR was largely PKC dependent. For activation

by IL-2 both P.R and CR were PKC independent. It appeared that PKC was

required when the activation process involved T cell receptor (e.g.,

allosensitization), and PKC was less critical when TCR was not directly

involved (e.g., IL-2 activation).

3. The role of anti-suppressor cells in the generation of LAK cells.

We previously showed that anti-suppressor T cells could be induced by

allosensitization. However, we failed to show the existence of antisuppressor

cells during LAK cell generation.

Proposed Course of Research ;

1. In vivo antitumor activity of short-term and long-term cultured CD3-AK

cells, and comparison with the effect of conventional LAK cells. (A).

2. Mechanisms of lymphocyte-mediated cytolysis. To determine the role of

protein kinase C, cytokines and cytotoxic factors in fast lysis and slow

lysis. (B).

3. Requirement of protein kinase C in the generation of antigen-specific and

antigen-nonspecific response. (B).

Publication :

Yun YS, Hargrove ME, and Ting CC. In vivo antitumor activity of the anti-

CD3- induced activated killer cells. Cancer Res 1989; in press.
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Successful marrow replacement requires elimination of normal or neoplastic
hematopoietic cells without destroying other vital organs, as well as having
available a genetically compatible donor. Since the first successful marrow
transplantation experiments in 1950, there have been problems involving the
reproducibility of the experimental data. Beyond the genetic factors involved
in selecting marrow donors, little attention has been paid to the many other

|

factors influencing successful marrow replacement. The disseminated nature of!

this organ system must be considered when using irradiation in preparation for
|

engraftment. Contrary to popular belief hematopoietic cells are subject to

significant repair potential with the greatest benefit obtained with
j

simultaneous dorsal-ventral (dual) exposure at a high exposure rate of

126R/min. Significant reduction in effective purging of the system occurred
with unidirectional exposures at half the exposure rate. In addition,
physicists recommend the defining of the quality of x-rays in terms of half
value layer since biological systems are supposedly lacking the sensitivity to
detect differences on the quality of x-rays. However, the quality of x-rays
does affect the outcome of the experiments when attempting permanent marrow
engraftment. The exact nature of this effect has not yet been defined.
Another question that requires consideration is whether marrow transplantation
is a uniquely sensitive system or are these fallacies perpetuated by a failure
to conduct biological experiments with the precision required to detect these
critical phenomena.
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Major Findings :

While genetic screening for compatible tissue donors has increased successful

transplantation of many organs, marrow replacement has been an exception.

Even with donor selection, cytotoxic drugs may be required for preparation of

the recipient and for control of the immune response after transplantation.

Unlike other organs, the hematopoietic system is unique consisting of

circulating cells, cells of soft-tissue organs and cells encased in skeletal

bone which must all be destroyed before permanent marrow replacement can be

successful. In addition, the treatment may fail for reasons other than the

method of preparing the recipient for the marrow graft, e.g., back in 1958

(Proc AACR) we reported that high leukemic mice receiving compatible marrow

grafts from low leukemic donors may develop leukemia in the grafted marrow:

whether relapse in leukemic patients represents a failure to destroy all

neoplastic cells or an induction of leukemia in the grafted marrow is unknown.

There were two other observations that made it apparent that too little

attention was paid to physical factors required for successful marrow
replacement. We were unable to duplicate our own data with a new x-ray machine

using identical filters and adjusted to the same half value layer (HVL).

Admittedly physicists consider the HVL a crude measure of the quality of

x-rays but it has been considered adequate for use with biological materials.

In addition dual and dorsal exposures that were equally lethal produced

different survival patterns when combined with marrow grafts. Reversal and

mixed chimerism were less than 5% following dual exposure but were more common

following dorsal exposure. Testing the effectiveness of the radiation

treatments involved progressively increased exposures without benefit of

marrow grafts. Contrary to popular belief, hematopoietic cells were subject

to exposure-rate effects and undergo significant repair with reduced exposure

rates e.g.,63R/rain was less effective than 126R/min for x-ray. Although the

uniform distribution of radiation through the target was important, the

benefit of the simultaneous dorsal-ventral (dual) exposure was an exposure

rate effect since dual and dorsal exposures at 63R/min produced identical

results. Ventral and alternating exposures were least effective for, in

addition to the exposure-rate, there was a lack of homogeneity reducing

exposure to critical organs distal to the radiation source. Success of

alternate exposure was a function of the direction of the first exposure which

indicated that initiation of repair occurred only during the exposure and

required at least 11 minutes to become established with the completion of

repair requiring a much longer period. These results were used for comparison

with gamma radiation from CS 137 since it was not practical to compare dual

and dorsal exposure at the same exposure rate as was done with x-rays. The

higher energy of gamma radiation resulted in greater penetration and less

absorption which required an increased exposure compared with x-rays. Using a

modified gamma-cell-40 cesium irradiator, dual exposures were most effective

and in decreasing order of effectiveness were dorsal, dorsal + ventral,

ventral + dorsal and ventral exposures. This was the exact pattern

established for x-rays. By further subdividing alternate exposures into four

equal fractions the effectiveness was similar to that of the ventral + dorsal

exposure. Why a dorsal + ventral + dorsal + ventral exposure was reduced to

the effectiveness of a ventral + dorsal exposure was not apparent. However,
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for both x-rays and gamma ray the greatest biological effect at the lowest
exposure occurred with dual irradiation, a phenomenon first described for the
treatment of neck tumors (Am J Roentgenol 1938). In all other treatment
combinations the exposure had to be increased to obtain equivalent biological
effectiveness. Increasing homogeneity without increasing exposure rate should
not be expected to increase the effectiveness of the treatment.

The final problem yet to be resolved is what change in the quality of x-rays,
not detected by the HVL measurement, is so readily detected when mice were
prepared for marrow engraftment with variables limited to the two x-ray
machines or the presence or absence of an auxiliary line voltage regulator.

Publications :

None
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CONTRACT RESEARCH SUMMARY

Title: Facility for Preparing and Housing Virus Infected Mice, Genetically-
Manipulated Mice, and Chimeric Mice

Principal Investigator: Mr. Brian Weatherly
Performing Organization: Bioqual, Inc.
City and State: Rockville, MD

Contract Number: NOl-CB-8- 5608
Starting Date: 9/30/88 Expiration Date: 9/29/93

Goal: Perform a variety of in vivo experiments in mice (up to a colony of 3600
animals) that cannot be performed on NIH campus as designated by the Project
Officer. These experiments are to be performed in support of intramural
research programs in the Experimental Immunology Branch, NCI.

Approach: Experiments are to be performed involving the transfer of normal and
neoplastic cells, infection with virus, inoculations of combinations of cells
and virus, irradiation with 7-rays, preparation of radiation chimeric mice,
thymus transplants and embryo transfers. Protocols and details of experiments
are to be carried as directed by the Project Officer.

Progress: A number of experiments involving virus infection, lymphocyte
transfer, and combinations of the above have been performed in several mouse
strains to investigate the synergistic effects of cytomegalovirus and graft-vs-
host reaction. Approximately 6200 mice were received into the contract facility
during the year, and the facility contained between 2800 and 3000 mice at any
given time. Two preparations each of cytomegalovirus and influenza virus were
made. Approximately 870 radiation chimeras, 4000 i.p. inoculations, 1000 i.v.

injections, 400 tail bleeds, 200 thymus grafts, 30 virus plaque assays, 150 skin
grafts, 600 embryos were transplanted into pseudopregnant mice, 80 lymphocyte
preparations, 240 tumor palpations, and 400 ELISA tests for cytomegalovirus
antibodies were performed during FY 1989. The mice have been delivered to the
Experimental Immunology Branch laboratories as requested. Although other
aspects of the contract are progressing, the embryo transfer and transgenic part
of the contract continues to be a problem, with little or no evidence of
progress

.

Significance to Cancer Research: This experimental mouse facility is required
to support the intramural research programs of the Experimental Immunology
Branch of NCI in that it provides research that cannot be performed on the NIH
campus due to animal restrictions and use of infectious agents in NIH animal
colonies. All of the protocols used in the facility relate to a variety of
cancer-related issues including studies on radiation chimeras, induction of
tumors, genetic manipulation of hemotopoietic cells, immunological resistance to
syngeneic tumor development, models of immune deficiency, and reconstitution of
the immune system.

Project Officer: Dr. Gene Shearer
Program: Immunology Resource
Technical Review Groups: Intramural Support Contract Subcommittee A
FY 89 Funds: $434,640 EST.
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CONTRACT RESEARCH SUMMARY

Title: Maintain an Animal Holding Facility and Provide Attendant Research Services

Principal Investigator: Ms. Leanne DeNenno
Performing Organization: Bioqual, Inc.

City and State: Rockville, MD

Contract Number: NOl-CB-85607
Starting Date: 11/1/87 Expiration Date: 10/31/93

Goal: Maintain colonies of inbred mice (12,000 animals), inbred rats (500 animals),

and rabbits (40 animals) and carry out selected breeding protocols with these ani-

mals as specified by the project officer. These animals are to be maintained in

support of intramural research programs in the Immunology Branch, NCI.

Approach: Colonies of mice, rats, and rabbits are to be housed and fed according
to National Research Council standards. Technical manipulations and breeding are

to be carried out as directed by the project officer.

Progress : This contract represents predominantly a facility for holding experimen-
tal animals in support of the research of the Immunology Branch. As such, the con-

tractor has maintained a colony of 12,000 mice, 500 rats, and 40 rabbits. Breed-
ings of certain strains of mice and rats for experimental needs of the Branch have
also been performed when such animals have not been available commercially. Frozen
samples of sera and cells are stored in freezers of appropriate temperatures and
are transferred to NIH as required.

Performance on this contract has been highly satisfactory. The animal colonies
have been established and are being maintained according to National Research
Council standards. Animal health has, in general, been excellent, and breeding
protocols have been satisfactory. Recordkeeping and transferring of animals to and
from the NIH Campus have all been satisfactory. Maintenance of frozen products in

appropriate freezers has been satisfactory.

Significance to Cancer Research: This animal colony is necessary in support of
intramural research programs in the Immunology Branch of NCI. Many of these
programs are concerned with the immune response to cancer.

Project Officers: Dr. David H. Sachs and Dr. John R. Wunderlich
Program: Immunology Resource
Technical Review Group: Intramural Support Contract Subcommittee A
FY 89 Funds: $780,701 B
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CONTRACT RESEARCH SUMMARY

Title: Radioimmunoassay and Enzyme Immunoassay of Immunoglobulin Molecules

and Antibodies

Principal Investigator: Norman Beaudry
Performing Organization: Hazleton Biotechnologies Corp.

Vienna, Virginia

Contract Number: NOl-CB-7-1010
Starting Date: 6/30/87 Expiration Date: 6/29/93

Goal: To perform radioimmunoassays of immunoglobulin molecules as well as ELISA

assays of soluble interleukin-2 receptor molecules in lymphocyte culture

supernatants or in biological fluids.

Approach: The contractor is to quantitate human immunoglobulins in various

fluids using double antibody radioimmunoassay procedures and reagents defined and

supplied by the project officer. In addition the contractor is to utilize an

established ELISA assay for the soluble form of the IL-2 receptor to quantitate

the level of this peptide in the serum of patients. Furthermore, the contractor

is to measure antibodies produced by lymphocytes stimulated by antigens in vitro.

This contract provides critically required research support for the study of

primary and acquired immunodeficiencies including those associated with a high
incidence of malignant transformation and with human B- and T-cell leukemias

.

Progress: The contractor has established the required radioimmuno- and the ELISA

assays. Elevated IL-2 receptor levels have been demonstrated in the sera of

patients with HTLV-I Adult T cell Leukemia, HIV Associated AIDS, Hairy Cell B

Cell Leukemia, or Hodgkin's Disease. In these patients, the serum receptor

levels were indicative of tumor binding and favorable responses to therapy were

associated with reductions in the serum level of Tac protein. Elevations of Tac

protein in the serum were also observed in patients with select autoimmune

disease and in individuals rejecting an allograft.

Significance to Cancer Research: These studies helped elucidate the

abnormalities of the immune system associated with the development of cancer.

They have assisted in the categorization of malignancies of the lymphoid system.

They are required for therapeutic protocols involving the use of the anti-Tac

monoclonal antibody. The studies of circulating IL-2R peptide levels are of

importance in defining the biology of neoplasia, as an aid in diagnosis
,

assessment of prognosis, and in monitoring therapy of IL-2 receptor positive

malignancies

.

Project Officer: Thomas A. Waldmann, M.D.

Program: Cancer Biology Resource

Technical Review Group: Ad Hoc Technical Review Group

FY: 1989 Funds: $237,998
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CONTRACT RESEARCH SUMMARY

Title: Transplantation, Induction, and Preservation of Plasma Cell Tumors
in Mice and the Maintenance of Special Strains

Principle Investigator: Judith Wax
Performing Organization: Hazleton Laboratories
City and State: Rockville, MD

Contract Number: NOl-CB-71085
Starting Date: 02-01-87 Expiration Date 01-31-92

Goal: Induction, transplantation, preservation and shipping of plasmacytomas,
T- and B-cell lymphomas in mice. Breeding of (congenic) strains of mice to

find genes controlling susceptibility and resistance to the induction of plasma
cell t\imors by pristane; maintence of wild mouse colony.

Approach: Maintain a closed conventional colony of inbred and congenic strains
of mice, suitable for maintaining mice for long term plasmacytoma induction
experiments. Develop BALB/c congenic strains carrying plasmacytomagenesis
resistance (PCT-R) genes. Carry out procedures for identifying markers used
in the construction of congenic strains. Maintain colonies of pedigreed wild
ascites, tissues, high molecular weight DNA, pedigreed breeders to qualified
investigators and collaborators.

Progress: Contractor has carried out basic plasmacytoma induction experiments
using pristane alone in various BALB/c. DBA/2 congenic C x S RI

,
(BALB/c x DBA/2)

Fj^

and BALB/cAn . BALB/cJ congenic strains. In addition, contractor has carried out
plasmacytoma induction experiments in pristane conditioned mice with RIM, IM,

R, J2, ^3, J5 and other myc containing viruses. Contractor transplants
essential tumors and supplies tissues and/or DNA to investigators in the

Laboratory of Genetics for molecular studies. Contractor ships mice, tumors,
DNA, serum or ascites to other investigators. Contractor continues to develop
essential congenic strains that are being used to identy new genes. Contractor
has acquired the capability to test in mouse for RFLP polymorphisms and there
by advance the congenics . Through Joan Renner, Hazleton Laboratories has
reorganized and revitalized the contract. In addition to the above described
work, the contractor functions as the major animal resource for the Laboratory
of Genetics.

Significance to Cancer Research: Provides essential support for the study of
plasmacytomagenesis (carcinogenesis) with the specific goal of determining the
genetic basis of susceptibility to tumor induction by mineral oil. Supplies
essential biological material for investigators studying the biology of neo-
plastic plasma cells, tumor immunology, the genetics of immunoglobulins, and
immunoglobulin synthesis.

Project Officer: Dr. Michael Potter, Dr. Beverly Mock
Program: Immunology Support
Technical Review Group: Intramural Support Contract Proposal Review Committee
FY 89 Funds: $850,769 B

746



CONTRACT RESEARCH SUMMARY

Title: Maintenance and Development of Inbred and Congenic Resistant Mouse Strains

Principal Investigator: Ms. Daniella Livnat
Performing Organization: Hazleton Laboratories America, Inc.

City and State: Rockville, MD

Contract Number: NOl-CB-71091
Starting Date: 2/1/87 Expiration Date: 1/31/93

Goal: To maintain a colony of inbred pedigreed strains of mice which are needed
to support ongoing NCI intramural research in transplantation immunology.

Approach: The contractor maintained a colony of approximately 40 special inbred
and congenic resistant strains of mice by pedigreed brother-sister mating. Quality
control testing was carried out at each generation by cytotoxicity typing of breed-
ers from each strain. Alloantisera were raised between mouse strains to assist in

this quality control typing, and sera and animals were shipped by the contractor to

collaborating investigators at NIH and elsewhere.

Progress: The contractor maintained all inbred and congenic resistant strains
of mice in excellent condition. Breeding of each strain and of hybrid strains,
recordkeeping, and quality control testing were all highly satisfactory. A back-
crossing program was used for all congenic resistant strains in order to keep the
backgrounds of these strains identical. This involved backcrossing of each con-
genic to the reference background line once every 6-10 generations. This program
has also been very satisfactory to date. Fourteen new recombinant H-2 haplotypes
have been identified during the process of this backcrossing, and these have been
bred to homozygosity and established as new valuable inbred congenic strains.

In addition, fusions for hybridoraa production were performed by the contractor,
with the purpose of developing monoclonal antibodies to histocompatibility antigens,
Antisera for histocompatibility antigen typing were prepared in various combinations
and were found to be excellent reagents. A series of strain-restricted typing sera
were produced in order to distinguish each strain in the colony from all other
strains. Shipping of animals and sera to collaborating investigators at NIH and
elsewhere was satisfactory. The animals shipped were generally of excellent health
and provided breeding stock for the production of experimental animals in numerous
laboratories. Computerization of records and reports has been performed and has
led to efficient data handling. Hybridoma reagents were produced, stored and shipped
starting with cell lines developed by the Project Officer.

Significance to Cancer Research: This animal facility was needed for the breeding
and maintenance of these inbred congenic resistant strains of mice. These animals
made possible research on individual histocompatibility antigens and, in particular,
the role of the major histocompatibility complex in the transplantation of tissues
and cells and in the immune response to cancer.

Project Officer: Dr. David H. Sachs
Program: Immunology Resource
Technical Review Group: Intramural Support Contract Proposal Review Committee
FY 89 Funds: $590,000 B
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Title: Feral Mouse Breeding Colony

Principal Investigator: Dr. Joan Renner and Ms. Evelyn Hogg
Performing Organization: Hazelton Laboratories America, Inc.

City and State: Rockville, MD

Contract Ntunber: NOl-CB-95621
Starting Date: 12/01/88 Expiration Date: 11/30/91

Goal: Induction of mammary tumors with biological (hormones and mouse mammmary
tumor virus, MMTV) and chemical carcinogens in various feral strains of Mus
musculus and other species of Mus. Breeding of congenic strains of feral M.

musculus that contain specific genetically transmitted MMTV genomes.

Approach: Maintain a closed pedigreed colony of 1,000 feral and inbred mice.
The colony is composed of approximately 700 mice that are held long-term
(2 years) for tumor development and 300 mice as a breed nucleus. The breeding
nucleus is composed of four pedigreed outbred colonies of feral mice having
unique characteristics that are pertinent to the study of mouse mammary
tumorigenes is. They are: Czech II V^ mice (Mus musculus musculus), Czech II

V" mice, TAK (M. cervicolor popaeus) mice, and MS (M. spretus) mice. In

addition, a limited breeding nucleus of the high- incidence C3H/0uJ and GR
inbred mouse strains and the low- incidence BALB/c ir inbred strains are
maintained. BALB/c mice foster nursed on MS, Czech II V^, and MCPT are also
maintained for development of mammary tumors.

Progress: The contractor maintains the feral mouse colony in excellent
condition, and carries out the breeding program, quality control, and main-
tenance of records in a highly satisfactory manner. Approximately 30 or more
mammary tumors were obtained from each of the BALB/cfC3H, CZECHII V" fC3H, C3H,
GR, CZECHII mouse strains. Other sublines of BALB/c mice foster-nursed on M.

spretus , M. cervicolor propaeus tak, and CZECHII V^ have been developed. MTV-1
and MTV-2 have been introduced into the CZECHII V~ genetic background and both
are at backcross N9 . Twelve mammary hyperplastic outgrowth lines from CZECHII
V^ mice are being carried to determine the frequency of mammary tumor develop-
ment. Single cell suspensions of primary mammary epithelium have been
introduced into cleared mammary gland fat pads and shown to repopulate the
gland.

Significance to Cancer Research: Provide essential support for the study of
mammary tumorigenesis with the specific goal of identifying and characterizing
the genes at risk to MMTV activation. Provides essential biological material
for other investigators studying the biology of the mouse mammary tumor virus
as well as other classes of retroviral genomes.

Project Officer: Dr. Robert Callahan
Program: Immunology Resource
Technical Review Group: DEA; Ad Hoc Intramural Technical Review Group

FY 89 Funds: $14A,582.
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